イソシアネートカチオンの発生と芳香族求電子置換反応への応用 by 黒内 寛明 & Kurouchi Hiroaki
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Scheme 9. ɺÚFǢ#Pm}f0ǁŖÚ  
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ǁŖÚC#ȯʛǠ³ʚ=ǉǠƳ9.?&)ě
ĞÚB÷ǠíŜ40ɳǢȏÿ0ŦđƚŊ*B!*ȋȦ1Ɲȇ
*<ȗ#Pm}f0ǁŖÚæœFÎŐB+.?&)K_ZIj
fPaO0æœǁŖȀ+)0ƄƗǢŖFɃƋB+FǬǪ+
)ǴȃFȵ++#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wv !(8%#7fHU 
− !(8%#7f 
 ÏȎ*ɧ5#?.K_ZIjfPaO1ŃÔ-ƼʑėŖFŧ'
+ƚŊCB8#ȯʛƆƼʑėȡŲæœFɛ+0*BŃÔ-
ƼʑėȀ+)IZL|KOǲ@C)B!0ƼʑėŖ1ʟl
V*ǁŖÚC#ȯʛǠ+<æœ*B 21Ƽʑėő*BǑȔá
ėɺȔ+ĐɼțíFŅŜ)AK_ZIjfPaO+ƬɬǪ.ʙ
¦)B!*K_ZIjfPaO0ŖɚFIZL|KO+
ƸɢB+*ǟɃFǆ;B+FǬǪ+C@0ʑėƬɬ+ĻªƬɬ
.')Èėɠɱǀ (RMP2/6-31G* level) FǢ)ƩɇFȵ&#Figure 1 (a) 
.K_ZIjfPaO 24 ä3IZL|KO 25 0ɠɱFǺ 
 
 
Figure 1.  (a) K_ZIjfPaO 24 ä3IZL|KO 25 0ɠ
ɱ0NjRǌ§(a.u.) (b) ƼʑėŖǑȔ0ʑȰ  (c)áėʃɞʎ   
 14 
 ɪĶIZL|KOʣRC
O+ʤ1 C
O+ǑȔáė.țí#Ņ*
Ǣ@CBʣɆȍ*1 R = CH3ʤʰ.) C
O++țíBáėFǑ
Ȕáė?A<ʑƺʈŖ-ȅȔáė+#K_ZIjfPaO0ĉí.1
ʣɆȍ*1 R = NH2ʤȠɨ)#Pxić0ʧ'0 LUMO 0ʓĨ
ǽÚɛ#ȅȔ0ęȆʑėĨ+Ǯ¬Ǣ#ɠɱ (NLUMO) 0NjR
ǌ§1đƊƅ*Ǯ¬Ǣ-Ȅɠɱ (LUMO) 0NjR
ǌ§1E.¨#0K_ZIjfPaO0 LUMO 0NjR
ǌ§1IZL|KOʣRC
O+ʤʣɆȍ*1 R = CH3ʤ0 LUMO .
ÛſBu*B8#Ā@K_ZIjfPaO40ƼƥźŶ
1ȅȔ0ȡŲć (Firure 1 *1ƻȔ)+îƅð@ɮȵB+ȥ@CB 
  
 8#îƕɳÚƬɬ.') B3LYP/6-31G*u.B NBO Ɇȍ.?
Aáė0ʑȰFŏ#+DK_ZIjfPaO 240ǑȔáė0ʑȰ
1+1.025 *B0.Ƹ5IZL|KO 25*1+0.973 *&# (Figure 1 
(b))K_ZIjfPaO0ƼʑėŖǑȔ1ʑƺʈŖĽ0ʟȅȔáė+
ɺȔáė.Ū8C)B#;ǑȔáė+ɺȔáė.ƼʑėŖǑȔŪ8C
#IZL|KO?A<Ʋ.ĵʑ=+B 
 Ƭɬ0Ƹɢ*124 0 C-N țíʁ1 1.280 Å *AƮǌ- C=N ɼ
țí 1.28 Å +67îȌ-ʁ*&# 22 (Figure 1 (c))ƅ* 250 C-C țí
ʁ 1.443 Å 1ƮǌǪ- C (sp3)-C (sp) Ýțíʁ 1.47 Å ?A<ǳ¶*AC-
H țí@0ɜÀň0ʄȥ@CPaOő0ěĞÚɛ)B
+Ƀɻ*B 23 
  
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 ¢0țƤ@K_ZIjfPaO1IZL|KO+Ƹɢ)
¹-ʑėɁöÔ0ƊB++<.ƲʑȰ0ċđ.?Aɏɛåƪė+
-BȯʛƆÚíǘ+ʒʑǪ.Ǯ¬Ǣ=ǚŚ.AC@0țƤ+
)æœŖċđB+ŘCBğʋ.ƝƼʑėȀ1ŃÔ.ǁ
ŖÚC)BȯʛǠ+<æœ*B+FȊʩȇ0ʫ÷ǠíŜ0ɷ*Ǻ
-ƼʑėǪǑȔ+ȅȔ+0ɞʎǳ#;ȅȔ0ȡŲć0įʟ0
ĎÚ.œ)æœŖċǈBêȨŖB%@.')<Ȋ 4 ȇ0
÷ǠíŜæœ0ɷ.)ȡŲćđ+fqf0¡ÕæœŢ
ÎCB+FǺ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_bjpnyiNtAN 
 *ŎơǢ@C)#OQZĊÚFǢBǁŖÚǀ0æœǁŖ
Ȁ*B+ȥ@CBƼʑėȀ0Èėɠɱ.')¡ɈB 
 
 Bischler-Napieralski æœ*1ćɚ+)I{g+OQZĊÚ0ș9íE
 Ǣ@C)A!0æœǁŖȀ+)Ȋȇ*ɧ5#?.if
L|KO0ǡŜȥ@CBƀǜ.űǺC)BæœƯƬ@ʙŰ
B+Pm}fFćɚ+#ĉí<îƭ0ƯƬ*ƼʑėȀ 27ǡŜ
B+ȥ@CB (Scheme 11)!*ƝƼʑėȀ0ʑėƬɬFǲB#;.È
ėɠɱǀFǢ)ɠɱFƼ;B++<.NBO Ɇȍ.?&)ʑȰFƼ;# 
(Figure 2) 
 ƼʑėȀ 270Pxi0ʧ'0π*ɠɱ1C<ʌůBȅȔɺȔ
0ęȆʑėĨFťȹßɠɱ+Ǯ¬Ǣ)NjRǌ§đƊ
)#(Figure 2)8#Ƽʑėő0ǑȔáė0ʑȰ1+0.893 *AK
_ZIjfPaO?A< 0.132 6,¨¶FǺ#C@0țƤ@
Ɖơ0ƼʑėȀ.')1ƼʑėőǑȔ0ƼʑėŖ¨-&)B+
ǺøC#8#MP2/6-31G*u*ʑėɁöÔ+KOÚydZ
FɆȍȍÇ# electrophilicity index (ω)0¶1 24 13.3 eV25 12.8 
eV27  10.2 eV *A@<K_ZIjfPaO!0 0Ƽ
ʑėȀ+Ƹɢ)ƼʑėŖċđ)B+ǺøCB 24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Scheme 11. OQZĊÚFǢ#ʋ0Pm}fǁŖÚ0  
ŰĞæœƯƬ  
 
 
Figure 2. ƼʑėȀ 270Èėɠɱ  (a.u.)+ NBOʑȰ    
R N OMe
O
POCl3 R N OMe
R'
Cl
Cl
R N
OMe
1 26 27
R'
R N OMe
R'
O
Cl
P
O
Cl
Cl R' = H
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− 1")85zL
L}^iNx[HU 
 Ɲȇ*1C¢ʅɜŃɺ*0}aPm}f0ǁŖÚ.')ɧ
5B++<.!0ŠǀFǢ#K_ZIjfPaO0ƗƯíŜ40œ
Ǣ0ÊƚƩɇ.')Ǻ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	
  
 Pm}fÚíǘFɜŃɺ*ÕǖB+K_ZIjfPaO
ǩǡ ȯʛƆ+0ƼʑėȡŲæœɮȵBK_ZIjfPaO0ǩ
ǡ.')1ƝȇŌÜ*ɍƩɇB}aPm}fÚíǘFǢ
)æœƠ¤0ƩɇFȵ&# (Table 1)TfOH FǢ#æœ.')ȌɽǊ
ĽFƩɇ#æœ1ĠǊ¢*1ɮȵ ƕ¨*< 700ÕǖŒȽ*
B+È&#ɺ 1 Ȍɽ*1æœ1ɮȵ-(entry 1)ɺF 10 Ȍ
ɽ.ċ=+æœ1ɮȵB?.-&# (entry 2)8#ʑėɝ-ȯʛ
ǠFŧ'ćɚ.ʄ)110 Ȍɽ0ɺ*18æœɮȵ (entry 3, 4)
ɺFđɰÒ0 50 ȌɽǢB+ʟçǝ*æœɮȵ# (entry 5)8#
120*1¹.çǝ¨#<00çǝ1 700ĉí+Ƶ,ĎE@-
&# (entry 6)0+@ɜŃɺ.BǡŜǘ0ěĞŖǺC#
C@0Ʃɇ0țƤɺ 50 Ȍɽ70FƕɳƠ¤+Ğ;# 
Table 1.   
 
  
Equiv.
of TfOHEntry
Time
 (hr)
Yield of 2 
(%)
H
N OMe
O
Temp. 
(ºC)
Time, Temp.
NH
O
X = H (1a)
X = Cl (1d)
1
10
10 
10 
50
50
TfOH
Substrate
X = H (2a)
X = Cl (2d)
1a
1a
1d 
1d 
1d
1d
1
2
3 
4 
5
6
70
70
70 
120 
70
120
24
24
72 
24 
6
24
0[a]
91
54 
60 
96
92
[a] No reaction
X
X
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 }`kFȩʎć+)ƕɳƠ¤.)ćɚȭŖ0ƩɇFȵ&# 
(Table 2) 
Table 2. ćɚȭŖ0Ʃɇ  
 
 
 ǓȡŲä3}aćFƗBćɚ1ʟçǝ*ǠÚǡŜǘF# (Entry 
1-3)8#ɰâ0Pm}fFǁŖÚBǴȃ*1æœþʏ*&#
SćqOć.?&)ǁŖÚC#ȯʛǠ<ʟçǝ*æœ# 
(Entry 4-9)ogQZć.?&)}`§ǁŖÚC#ćɚ<çǝ?Ǡ
Ú©F# (Entry 10)qOć+}aćFƗBćɚ*<çǝ?Ǡ
Úæœɮȵ# (Entry 11)Ɣ.ȅȔ.}aćFĩ¾#ĉí.1æ
œƏʃĿʁ 72 Əʃ+-&#<00çǝ?æœɮȵ# (Entry 12)
u[§.}aćFĩ¾)<çǝ?æœɮȵ# (Entry 13)8#
H
N OMe
O
NH
O
Entry[a] Substrate Time (hr) Product Yield (%)
24 91
H
N OMe
O
NH
O
16 97
Me
Me
H
N OMe
O
NH
O
23 96
Cl
Cl
H
N OMe
O
NH
O16
H
N OMe
O
NH
O
24 98
H
N OMe
O
NH
O
28 91
H
N OMe
O
NH
O25
Cl
Cl
F
F
H
N OMe
O
NH
O
N OMe
O
N
O
H
N OMe
O NH
O
F
Cl
Cl
F
F
F
Me
Me
Me Me
NH
O
NH
OF
Cl
70
28
89
8
H
N OMe
O
NH
OHO
HO
Entry[a] Substrate Time (hr) Product Yield (%)
N
H
OMe
O
NH
O
N
H
OMe
O NH
O
Me
NH
O
Me
Me
H
N OMe
O
NH
OMe
NH
O
Me
Me H
N OMe
O
NH
O
Me
F
Me
F
1a
1b
1c
1d
1e
1f
1g
1h
1i
1j
1k
1l
1m
1n
1o
2a
2b
2c-1
2c-2
2d
2e-1
2e-2
2f
2g
2h-1
2h-2
2i
2j
2k
2l
2m
2n
2o-1
2o-2
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
39
28
24
72
19
21
8
9
58
40
85
84
97
88
88
80
23
25
[a] General Procedure: Substrate (1.0mmol) was dissolved in TfOH (50eq). The reaction mixture was stirred at 70oC.
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ʬ÷ǠŅŜæœ.')1ȯʛǠǓȡŲ0ćɚ.') 80%0çǝ*ɮȵ
# (Entry 14) 
 ƅȯʛǠ.}aćFĩ¾#+Dćɚ0ŴČ.?Açǝ¨
@.}ać0ɡ§9@C# (Entry 15)0ɡ§æœ.')1
Ks_ǠÚŌ0IQɡ§ɮȵ)BêȨŖ  (Scheme 12 (a))+
Baddeley ǨŖÚ.?&)}ać0[1,2]ɡ§ŁɛC)BêȨŖ 
(Scheme 12 (b)) ȥ@CB 25 
 
Scheme 12. }ać0ɡ§æœ0ŘĞæœƯƬ  
 
 8#Entry 3, 5, 8 .')æœ0§ȡɵŤŖFƸɢB+ȡŲć0ʑƺ
ʈŖĽ0ċđ.Ŏ&)ɵŤŖƊB+Ƌ@.-&#C1ɿ
©ŅŜŋɫƷʉ+-BȯʛƆÚíǘ0sfÚ=ifÚ0 partial rate 
factor 0Ƹ+ʙ¦)B 26Â©­FũB+ɹɺ-ƻǍĖ45.
BǵɺFǢ#fN0ifÚæœ0 oMef 1 42pMef1 58 *A!
0Ƹ pMef / oMef = 1.38 1Entry 3 @ȍÇCBƸ 1.45 +ɥ¶F#
Me
H
N OMe
O
Me
H
N OMe
O
TfOH
∆
N
H
Me
O
TfOH
∆
H
N OMe
O
Me H
H
N OMe
O
Me
(a)
(b)
2o-2
2o-2
1o
1o
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LDHU 
 Ɲæœ*1ƭ-Ơ¤*ÑæœɮȵB+ËƋ# (Scheme 13) 
 
Scheme 13. }`kȩʎćFƗBćɚ0Ñæœ  
 
07nXHU 
 ȯʛǠȡŲć.?&)ǁŖÚC)B+ǠÚæœǡŜǘ0çǝ0ǈ
ī++<.qMjaI{ɏĩ©ǡŜǘŏ@CB?.-B (Eq (1), (2))
ifć*ŃÔ.ǁŖÚC#ĉí.1I{ǡŜǘŏ@C- (Eq 
(3), (4))8#ȯʛǠ0I{kć1ɺ*Ĝ¿.sfÚC)ŃÔ-
ǁŖÚć (-NH3+)+-B#;.I{ǡŜǘ09ŏ@CB (Eqs. (5))
C@0Ñæœ1K_ZIjfPaO.fqfKO¡ÕB
+*ɮȵB+ȥ@CB (Scheme 14)Ɲæœ.')1ưȇ*<ɃƣFȵ
fqf¡ÕB+FǺ 
 
Scheme 14. ŘĞCBI{ǡŜƯƬ  
NH
O
HO
82%
H
N OMe
OMeO
TfOH (50eq)
NH
O
NH
O
6-Ph (2v-1) 22%
7-Ph (2v-2) 43%
8-Ph (2v-3) 33%
H
N OMe
OBr
H
N OMe
OPh
TfOH (50eq)
TfOH (50eq)
70ºC
70ºC
70ºC
29 hr
24 hr
49 hr
Ph
6
7 8
5-Br (2w-1) 17% 
6-Br (2w-2) 22%
7-Br (2w-3) 39%
8-Br (2w-4) 12%
6
Br
7
8
5
total 98%
total 90%
H
N OMe
OF3C
TfOH (50eq)
70ºC
25 hr
Complex Mixture
H
N OMe
O
TfOH (50eq)
0ºC
1 hr
Complex Mixture
H
N OMe
O
TfOH (50eq)
50ºC
15 hrOMeO
H
N OMe
OO2N
TfOH (50eq)
H
N OMe
OH2N
H
N OMe
O
TfOH (50eq)
TfOH (50eq)
70ºC
70ºC
70ºC
143 hr
144 hr
156 hr
O2N
NH2
O2N
NH2
H2N
NH2O2N
72%
94%
84%
H
N OMe
OCl
TfOH (50eq)
70ºC
45 hr
NH2
Cl 44%
NH
O
Cl
40%
+
Cl
Cl
Cl
(1)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11) Complex Mixture
H
N OMe
O
TfOH (50eq)
70ºC
48 hr
F 40%
F
9%
+(2)
NH
O
NH2
F
1p
1q
1r
1s
1t
1u
1v
1w
1x
1y
1z
2p
28p
2q
28q
28r
28s
28t
2j
2v
2w
H
N OTf
O
Cl
Cl
H
N C O
Cl
Cl
NH3
Cl
Cl
TfO 2TfOH
-Tf2O
29p
TfO
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 8#}fQZćFƗBćɚ.')1ɺ*0ÕǖƠ¤.?A}f
QZć0ȩʎǡB (Eqs. (6))ƝƠ¤.?B}fQZć0ÈɃæœ1
TfOH ǍĖ* Friedel-Crafts IQÚFȵĉí.<ǷɎC)A 27
0ºC *1ŢÎCB<0050ºC 0ÕǖƠ¤*ɮȵBğʋ.ƝǠÚæ
œ.)<ćɚä3ǡŜǘFɜŃɺ*ÕǖB+Pm}f0ǁ
ŖÚ.¼G)ȯʛǠ}fQZćÈɃB (Scheme 15) 
 
Scheme 15. }fQZć0ÈɃæœ  
 
+'5L,62L.7 7m:>HU 
 Ɣ.qMićr~ćFƗBćɚ.ʄ)1Baddeley ǨŖÚ 28
.?&)ȡŲć0ɡ§æœɛB (Eqs. (7), (8), ǡŜǘ0Ƹ1 1H NMR *ƾ
Ğ#)qMićŃ Brønsted ɺ*ɡ§Bæœ.')1Ƈ.ɍȖ-
Ʃɇ-C)A 29ȡŲć0Ks_§40sfÚ.?&)ɮȵB
æœƯƬűǺC)B (Scheme 16)r~ć0ĉí.<31 0?-ȯ
ʛǠ0sfÚ.?&)ǡ#ɿ©FȚǤ)ȡŲć 1,2-ɡ§Fɛ
)B+ȥ@CB 
 
Scheme 16. (a) o-Terphenyl 0qMićɡ§  (b) Baddeley ǨŖÚ0ƯƬ  
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N OMe
O
TfOH (50 eq)
80ºC
2 hrMeO
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N OMe
OHO
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O
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52% 42%
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O
MeO
TfOH (50 eq)
70ºC
21 hr
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O
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95%
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140ºC
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 8#ȯʛǠ.fqO}aćFƗBćɚ.')1æœȼ
ʍÚB (Eqs. (9))ȯʛǠ0fqO}ać1qO\w
ɺ 0ºC *<qbȔKO0Łţ.?Aō.ÈɃȯʛƆƼʑėȡ
ŲæœFɛ+ǲ@C)B 30 (Scheme 17)Ɲæœ*<îƭ0Ñæœ
.?&)ȼʍÚ)B+ȥ@CB 
 
Scheme 17. ƀǜ*űƨC#ɜŃɺ.B  
fqO}aćÈɃæœ0æœƯƬ  
 
mGC 
 Ɣ.ʪ÷ǠŅŜæœFɋ9#ĉí.1ǠÚæœ1¿ɮȵ K_Z
IjfPaOǩǡ- 0ºC Ơ¤*<ȼʍÚɛB(Eqs. (10))C
1Pm}fɷ§sfÚFèB+*ºC#ȩʎć+-Au
[PaOFǡŜ)B#;.ŁɛCB+ȥ@CB (Scheme 18) 
 
Scheme 18. u[PaO0ǩǡ  
 
RTSP 
 Ɣ.I{kɺɏĩ©<K_ZIjfPaO0ǡ-ǊĽ*ȼʍÚ
B (Eqs. (11))ɍƩɇ1ȵ&)-N\dć1ɜŃɺĠǊ*
<ȯʛƆƼʑėȡŲæœFɛ#; 31CȯʛǠ?A<ƼƥŖ.ĥ:
Pm}fɷ§0ɺȔáė=ȅȔáė+ÈėÄ8#1Èėʃ*æœB
+*ƙ8/æœɛ)B+ȥ@CB 
  
X F
F
F X F
F
Benzene
FSO3H X F
X Ph
O
FSO3
OSO2F2
or
(FSO2)2O
+
X Ph
HO Ph
H
N OMe
O
TfOH HN OMe
OH
H2
N OMe
O
or CH2
H3N OMe
O
+
1y
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− !(8%#7pnSq\Y 
 Ɲæœ0æœƯƬ+)sfÚ (B1[sfÚ)Fè#P
m}f 32a ȯʛǠ4Ƽʑė¡ÕBƯƬ (Scheme 19 (a)) +C	ʯțí
ʂȺ.?&)K_ZIjfPaO 18a ǩǡȯʛǠ4Ƽʑė¡ÕB
ƯƬ (Scheme 19 (b)) 0ʧ'0êȨŖȥ@CB 
 
Scheme 19. ŘĞCBȀʙ0ǠÚæœƯƬ  
 
 *æœǁŖȀK_ZIjfPaO*B+FǺ#;
Hammett sbfä3ǁŖÚn}`0ǋĞțƤFǺ 
 
  
H
N OMe
O
(a)
(b)
TfOH HN OMe
OH NH
HO OMe
NH
O
H
N OMe
O
TfOH HN C O NH
O
1a
1a 18a
32a
2a
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Hammett-6$% 
 Ɲæœ0ǁŖÚæœɫĽ.ĨBȡŲć0ŇʔFɑ5#TfOH + TFA F
ʦʮʦ(w/w).Ǉí)¬Ŝ#-H0 = 11.3 0ɺĽ0ǍĖ (>100 eq).)
70.Bćɚ 1 0æœ0ɫĽĞŽFǋĞ# 32  (Table 3)-ȡŲć
ʩ§.Bĉíσpʨ§.BĉíσmFǢ)B 
 0ǋĞ0țƤǓȡŲä3ʑė®Ŗ0ȡŲćFŧ&#ćɚ 1a-c .'
)1ǠÚæœ09ɮȵ#lVFƗBćɚ 1d, 1e, 1g, 1h .')
1ǠÚ+ÈɃ (=I{ǡŜ) 0ƅɮȵ# (Scheme 20)8#ʑėòŁ
ŖȡŲćFŧ'ćɚ 1r-t, 1α.')1I{ǡŜæœ09ɮȵ#C
@0æœɫĽĞŽFǋĞɫĽĞŽ0ĶǢĨŽ log k+FsbfB+Ǡ
Úæœä3I{ǡŜ0æœ0Ȁʙ.ʄE@ǭȟʄ±FǺ# (Figure 3) 
 
 
Scheme 20. -H0 = 11.3 .BqMjaPm}f0æœ  
 
   Figure 3. Hammett sbf  
 
H
N OMe
O
NH2
NH
O
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2
28
X
34
Cyclization
Both
Amine Formation
X = H, 3-Me, 4-Me
X = 3-F, 4-F
3-Cl, 4-Cl
X = 3-NH3+, 4-NH3+
3-NO2, 4-NO2
X
X
2
1
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Table 3. -H0 = 11.3 .BæœɫĽä3ǠÚ-I{ǡŜƸ  
Substituent Substrate σ log k 105k (s-1) (Cyclization: 
Amine Formation) 
p-Me 1b -0.14 -4.41 3.90 100 : 0 
m-Me 1c -0.06 -4.41 3.90 100 : 0 
H 1a 0 -4.48 3.31 100 : 0 
p-F 1g 0.06 -4.57 2.71 48 : 52 
p-Cl 1d 0.22 -4.63 2.35 50 : 50 
m-F 1h 0.34 -4.67 2.15 96 :  4 
m-Cl 1e 0.37 -4.67 2.12 92 :  8 
p-NH3+ 1t 0.6 -4.93 1.17 0 : 100 
m-NO2 1s 0.71 -5.00 1.00 0 : 100 
p-NO2 1r 0.78 -5.00 0.99 0 : 100 
m-NH3+ 1α  0.86 -5.10 0.79 0 : 100 
 
 ƝæœǠÚæœŋɫ*B+£ĞB+ư0ʧǒ*ǱǯǡB 
(1) ȯʛƆƼʑėȡŲæœŋɫ-@2ȯʛǠ0ʑėĤĽ0ŇʔʓĶ.đ
ÇB#;ρ¶1-2~-13 +đ-ə¶FǺ-ʙ¦ƬɬFŧ'
IZL|KO0ȯʛƆƼʑėȡŲæœ.)1ρ = -8.59 *B 1ƅ
*Ɲsbf1ρ = -0.72 +ʓĶ.¨¶*B8#æœǒ*B 2 §.
Ĩ)*1-ʦ§.Ĩ)ǮʄȾ@CB 
(2) ȯʛƆƼʑėȡŲæœŋɫ-@2Ìæœ*BI{ǡŜæœ+ǭȟȪ
ǤNjRʄ±Fț2-1*B 330sbf1?Ǯʄ
ʄ±FǺ)B 
 ƅ*ǠÚæœ+ÈɃæœ+î0ǁŖÚFȚ)ɮȵ)B+£Ğ
#ĉíρ¶1PaOŖ0ǁŖÚɛBʋ0ɏɛØƤFȸ¶+Ƀɻ*
-'¿ȡŲć.Ĩ)?ǭȟʄ±FǺ#;£Ğ+?ȬF
Ǻ 34Ŏ&)Hammett sbf@1 Scheme 19 (b)0æœƯƬŸŧ
CB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kVG*318"8 
 Ɣ.ǠÚæœFɛćɚ 1a1b1d ?3I{ǡŜæœFɛ
ćɚ 1t0ǁŖÚn}`FȍÇ# (Table 4)C0æœ.)<
Ʋ¶0ǁŖÚNfpFǺ)AǁŖÚ0ʋ.ȪǤĽ0ċÕɛ
)B+ÈBɪĶ0ɜŃɺ*0ȯʛƆƼʑėȡŲæœ1đ-ə
0ǁŖÚNfpFǺ+@ 3a,c, 35Ɲæœ0ŋɫɰǿ1ǠÚɰǿ*
-+BŎ&)ǁŖÚn}`@< Scheme 19 (b)0æœƯƬ
ŸŧCB 
 
Table 4. ǠÚ/ÈɃæœ0ǁŖÚn}`  
Temp.[a] 
(oC) 
105 k 
(s-1) 
NG‡ 
(70oC)[b] 
(kcal mol-1) 
NH‡[c] 
(kcal mol-1) 
NS‡[d] 
(cal mol-1K-1) 
1aO2a     
60.0 1.80    
65.0 3.95    
70.0 7.82 26.7 29.1 6.91 
75.0 13.9    
80.0 22.9    
1bO2b     
60.0 1.94    
65.0 4.24    
70.0 7.96 26.6 29.0 6.90 
75.0 15.1    
80.0 24.6    
1dO2d     
60.0 1.39    
65.0 2.82    
70.0 5.35 26.9 28.9 5.96 
75.0 9.91    
80.0 17.6    
1tO28t     
60.0 0.68
8 
   
65.0 1.44    
70.0 2.57 27.4 28.7 3.91 
75.0 4.38    
80.0 9.13    
[a] Error  0.1 [b] Error ±0.02 kcal mol-1 [c] Error ±0.74 kcal mol-1  
[d] Error  ± 2.17 cal mol-1 (343.15K) 
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 ¢0țƤ@Ɲæœ0æœƯƬsfÚFè#Pm}f4
0ǭůǪǠÚ*B+ȥB01ğʝğ+ǱǯBƅ*ŋɫɰǿ
}`k0ȩʎ.?BK_ZIjfPaO*B+ȥB+Ɉ
ğ.Ǳǯ-?&)Ɲæœ0æœǁŖȀ1K_ZIjfPaO*
B+ȥB0Ĕń*B 
  
 30 
wv !(8%#7pnj]| 
 Ŏơ0}aPm}fFǢBæœƠ¤*1ÕǖŒȽ*Aƭ
-ÑæœFŁɛ+ËƋ#0úʗFɃƾB#;ØǝǪ-ȩ
ʎćFƩɇ#+DYaɺ}aFȩʎć+B+*æœɫ=
.ɮȵB+FȾÇ#Ɲȇ*1!0Yaɺ}a0ȩʎæœ0
ƯƬɃƣFȵ++<.ǡŜBK_ZIjfPaO0#BÑæœ
*Bfqf0¡Õæœ.')ɈɧB 
 
− zLe 
 ØǝǪ.ǁŖÚFȵ+0*Bȩʎć0ƩɇFȵ&#200 ńɽ0
TfOH ǓȡŲ0ȯʛǠFƗBćɚ (Figure 4) 0 50*0æœɫĽF1H 
NMR FǢ)ǋĞ# æœ1ŷʦưæœ+-AǠÚæœ167ĞɽǪ
.ɮȵ#ȩʎć}`k*Bćɚ 1a 0ĉí0.41 x 10-5 (s-1) 0ɫ
Ľ*æœ# 36ȩʎćFfqON`k+#ćɚ 33 0ĉí
!0?! 10 ´0 3.90 x 10-5 (s-1) +-&#8#qMkȩʎćFǢ
#ćɚ 34 ĉí67îȌ0 4.02 x 10-5 (s-1)*&#*qMk
0ȯʛǠ0ȡŲćFĎÚ )æœɫĽFǋĞ#țƤF Table 5 .Ǻ 
 
Figure 4. æœɫĽǋĞ.Ǣ#ćɚ0Ƭɬ  
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(1) }mNlWzSPFc 
 ȯʛǠ0ȡŲćn§.Bćɚ (Entry 1, 3, 5, 8, 10, 12, 14, 16).'
)l}bfsbfFȵ&# (Figure 5)0țƤ}aćlV0
?.Ńɺ.)sfÚF-ȡŲćFƗBćɚ.')1ǭȟ
FǺ#C1Ɲȩʎæœ.)ȯʛǠ0ʑėĤĽ¨C2C-O ț
íł8AtdʂȺ=-B+FǺ0¸ð1ɺȔ.ȯʛǠ
FƗBPm}f0IiOŖÈɃæœ.)qMkɷ§0ɺŖ
ĽƊB+ȩʎŖƊBŎơ0ǴȃțƤ+ȬB 37 
 ƅɜŃɺ.)sfÚFèB?-ȡŲćF<'ćɚ (Entry 3, 
14, 16).')1l}bfsbf0ǭȟ.1@l}bf0ȡŲć
ĞŽ@ŘĞC#ɫĽ?A<ʟ+Ƌ@.-&#C1ɺ.
)ȡŲćsfÚFèB+*ʑėƼŁŖċÕPm}
f0 C-O țíł8&##;*B+ȥ@CB 
Table 5. ȩʎć0ȡŲćFĎÚ #ʋ0ćɚ0æœɫĽ  
 
0EIGM 8J=HIG<I? 9% 9& %$)H!% 
% '( 2 2 ("$&
& ') 53? 2 -"''
' '* 2 53? )"-'
( '+ 3? 2 &"+$
) ', 2 3? '"'*
* '- A6G 2 %"'-
+ ($ 1 2 -"+&
, (% 2 1 (")&
- (& /C 2 +"')
%$ (' 2 /C )")$
%% (( .G 2 *"$(
%& () 2 .G *"$(
%':<; (*< /553? 2 &"-(L%$'
%(:<; (+ 2 /553? %'%
%):<; (,< 45& 2 %"&(L%$(
%* (- 2 45& (("%
[a] The reaction rates are extrapolated from data obtained 
 at lower temperatures. 
H
N O
O
k
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Figure 5. ȩʎć0n§0ȡŲćFĎÚ # Hammett sbf  
 
(2) x[L>xzSPFc 
 }fQZć}aćlVȡŲć.')1Of§+n§*0
æœɫĽ1đĎÚ-&#N\dć+ifćFƗB<0.
')1Of§.ȡŲćBćɚ (46a, 48a) 0ĉín§.ȡŲć
Bćɚ (47, 49)+Ƹɢ)æœɫĽʘȲ.ċđ# (Entry 13-16)C1
ÈėÄ*ʫ÷Ǡ0ƻȔțíFŅŜ)B#;.ØǝǪ.ȩʎæœɮȵ
)B#;*B+ȥ@CB 38 (Figure 6) 
 
Figure 6. ÈėÄʫ÷ǠƻȔțí.?BǁŖÚ  
 
 C@0ǴȃțƤFɟ8ĠǊ*ɫ=.ȩʎêȨ-Yaɺ}a
ȩʎć (Entry 13) ØǝǪ*B+È&##;CFÍǢB+
À.æœƯƬ0ɍȖFɃƋB++# 39 
 
  
R
H
N O
O
O OMeH
R
H
N O
O
NO OH
 33 
− 4#51#5zgf 
 ÏȎ0Ʃɇ0țƤYaɺ}aFƕɳ0ȩʎć+)ÍǢB+
+#!0ʟȩʎɫĽ0ǟǤ+)ȡŲć0ʑėƼŁØƤ.?B+
ǺCB++<.ÈėÄƻȔțí.?BǁŖÚȥ@C#ƝȎ*1
ĪȎ (1), (2), (3) .)æœǁŖȀ~kPaO©*B+FǺĪ
Ȏ (4) .)ǁŖÚn}`FűǺBĪȎ (5) .)ɽėÚĚɆ
ȍFǢ#æœsqJ0űǺFȵ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(1) L-6%7GlW 
 ɜŃɺ*1Úíǘ1sfÚFèBɪĶ0łɺǍĖƠ¤*0ǁŖ
Ú.)1ɺ+ćɚ+0ƻȔțíB1ćɚ0sfÚ09Fȥ
BɜŃɺ*1[sfÚ-,0Ɣ-BsfÚæœ0ɮȵ.ģ
BêȨŖFȥBŒȽB!*ǰ0æœǁŖȀFɑ5B#;.
ɺĽFĎÚ #ǍĖ*0sfÚ0ĽíFɑ5B++# 
 TFA-TfOH ŝ1 TfOH-SbF5 ǍĖȐ (50 Ȍɽ)*0~ećɚ 50 0 13C 
NMR FǋĞB+*sfÚ0Ľí.')Ⱦȁ<&# (Table 6)Ɲ
ǍĖȐ0ɺĽ1ȳÚĚżĠƁȴ@.?&)ĞȤC)B 32NMR Ƀƣ.
)I{gțí0üɡ.ǤơBʧ'0pSȾ@C# 408#ɰâ
0ĊćŖĽ0Ǵȃ@Pm}f+N\d0ĊćŖĽ1?! pKBH+ 
= -4 ~ -6 +Ⱦȁ<@C)B 41 
 N\d0PxiǑȔ C1 0 13C NMR \vSfĎÚ1ɺĽ0ĎÚF
?æƍ#Sw|TFA *1 165~169 ppm +ʟǸĉ.pS
ĘĂ#ɺĽ0Ɗ.Ŏ&)¨Ǹĉ.ĎÚ)&#8#TfOH Ơ
¤+ TfOH : SbF5  = 4 : 1 (w/w) Ơ¤*1î0¶ŏ@C# 
 Pm}f0PxiǑȔ C2 1ǍĖ0ɺĽĎÚ)<đ-ĎÚ
FȾ -&#C1PxiǑȔ0PaOŖƊB+ʌůB
ȅȔɺȔ0ęȆʑėĨ@ʑė®CB#;*B+ȥ@CB 
 N\d0}ać C30ÚĚZqfĎÚ1PxiǑȔ C1+îƭ0¸
ðFǺ#Pm}f0ȅȔ.ʌůB}aćǑȔ1ĎÚķȒ 2 
ppm +īɽ0¶*1BC1C3 ǑȔ+îƭ.ɺĽ0Ɗ.Ŏ&
)¨ǸĉZqf# 
 C@0țƤ@sfÚ8#1[sfÚɮȵB+.?A
¨ǸĉZqfɛ)B+ȥ@C#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Table 6. ƭ-ɺĽ0ǍĖ.B~ećɚ  (50) 0  
-16ºC.B 13C NMR ÚĚZqf  
 
 
  
[a] The spectrums are measured at -16ºC. [b] The spectrum is
 measured at -27ºC to supress the decomposition reaction.
Solvent
13C NMR Chemical Shift (ppm)[a]
CDCl3
TFA
TfOH
TfOH: SbF5
=  4:1 (w/w)
-H0
-
2.7
14.1
>17
165.4
168.8
179.8
179.1
179.9
179.6
27.8
27.7
26.8
29.5
29.6
29.5
155.1
159.8
158.8
160.1
159.6
159.7
159.1
52.1
53.2
63.4
63.3
64.3
63.9
O
CO OCH3
C
O
H
NH3C
50 (Trans) 50 (Cis)
O
CO OCH3
C
O
N
CH3
H
TfOH: TFA
= 1:3 (w/w)[b] 10.9
170.5
169.2 28.8160.6
55.3
55.0
Entry
1
2
3
4
5
C1
C1 C2 C3 C4
C4
C1
C2 C2C4
C3 C3
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 ɈƩɇ09*1sfÚ0ĽíƓƎ*&##;Entry 5 0ǋĞ
Ơ¤ 42.) 1H NMR FǋĞ# (Figure 7)10.3 ppm .Pm}f
12.8 ppm .N\d0sfÚ.ǤơBʧ'0sf0pS1&
A+ǋĞ*##; 430Ơ¤.)1Ĝ¿-[sfÚɛ)
B+ȥ@CB>.Entry 3 0?-ʃ0ɺĽ*1~ksfÚ
ɛ)B+ȥ@CB 
 
Figure 7. TfOH/SbF5.B[PaO 51 0 1H NMR \vSf   
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  ÈėÄƻȔțí0ŅŜ.')ƩɇFȵ&#~kPaO©0~eć
ɚ*BIi\ɺ 54ä3[PaO©0~ećɚ*BPm}f+
PxɺF<'ćɚ 53 F TfOH : SbF5 = 4 : 1 .ǍɃ 1H NMR 0ǋĞF
ȵ&# 44 (Figure 8)~kPaO0ĉí.')114.2 ppm + 11.2 ppm .
ÈėÄƻȔțí0ŅŜ.ǤơBʧ'0ʓȌ°-sf0pSɂǋ
C#ƅ*[PaO0~eÚíǘ.')1¢Ï0Ʃɇ+îƭ.I{
gțí0üɡ.ǤơBʧ'0pSɂǋC#%@.')1P
xɺɷ§0ÚĚZqf1 12.7 ppm ?3 12.8 ppm +-&)AȌ°*
B+È&#-E%[PaOŅŜC)Bĉí.1ěĞ-
ÈėÄƻȔțíFŅŜ*-+FǺ)B 
 
Figure 8. TfOH/SbF5.B 53, 54 0 1H NMR ÚĚZqf  
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 Ɉ0sfÚ.')0ɕɒ1ɆȍÚĚ.?&)<ŸŧCBĤĽ
ƽʄŽǀFǢ#ƬɬƕɳÚ0țƤN\d.sf¡Õ#~kP
aO©0ĉí.)1ÈėÄƻȔțíFŅŜ#ƬɬƕěĞƬɬ+
)ǺC# 45 (Figure 9 (a))NdɺȔ+sf+0ɞʎ1 1.660 Å +
-&)AƻȔțíFŅŜ)B+ǷɎ*B8#[PaO
©0ƬɬFƕɳÚ#+D'0sf-B5ʎC#Ƭɬƕě
ĞƬɬ+)ŏ@C# (Figure 9 (b) ı)ƻȔțíFŅŜBñ.')
ƩɇB#;.NdɺȔ+N\dPxiɺȔʃ.sfFɸȡ
#ƬɬFɆȍ#ĉí.10.35 kcal/mol 0ěĞÚɛ#Nd
ɺȔ+sf+0ɞʎ1 1.968 Å *Aʫ÷Ǡ1ƳG$ƬɬF+&#
Pm}f0sfÚ.?BqMkŖɺȔ0ƻȔțí0IS]s`
Ŗ0ǈłɛƲʑȰîč0ʒʑæǩ=qHe\æǩ0Ňʔ
ʘȲ.ÇB+*ʫ÷ǠƬɬƳG$+ȥ@CB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Figure 9. ĤĽƽʄŽǀFǢ)ŏ@C#ěĞƬɬ  
 (B3LYP/6-311++G(d,p) level) 
(a)N\d.sfÚ#~kPaO©0ƕěĞƬɬ(b)[Pa
O©0ƕěĞƬɬ(ı)+ʧ'0ɺȔáėʃ.sfFɸȡ#ĉí
.BƕěĞƬɬ  (ì)  
1.660 Å
Monocation (55) Dication (51)
(a) (b)
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(2) kVGHUS@OVe 
 ư.æœǁŖȀFƾĞB#;.æœ0ɺĽ¯ĘŖ0ƩɇFȵ&# 
(Table 7)Yaɺ}aFȩʎć+# 46a +ȩʎć0ȡŲć0§ȡ
n§.B 47N-}aÚC# 46b 0200 Ȍɽ0ɺ.Bǈī
ɫĽF 1H NMR .)ǋĞ#Ǣ#ɺ1¼6,+îƭ0 TFA-TfOH Ȑ+
2,2,2-trifluoroethanol (TFE)-TfOH Ȑ 46*BǡŜǘ1ǍǄ0ƼƥȀ0Ƽƥ
Ŗ.?&)ĎÚ#TfOH 0ǐĽ0ʟŃɺ/ɜŃɺƠ¤ (Entry 1-5)*1Ǡ
Úæœ09ɛ&#TFA 0ǐĽʟ-B+fqOɹɺKO
0¡Õä3!C.ŁȜI{0ǡŜȾ@C# (Entry 6-8)8#TFE
FǍĖ+#Ȑ*1 TFE 0¡Õ099@C# (Entry 9, 10) 
 
 0țƤFsbf#+D (Figure 10)-ÚĚȀŖ*Błɺ
ʖĆ (2 < -H0 < 8)*1ɺĽ0ċÕ.Ŏ&)æœɫĽ0ƊȾ@C#Ŏ&)
ćɚ0sfÚFȚ)æœɮȵ)B+Ƌ@.-&# 47ƅ
*-ÚĚȀ[PaO*BɜŃɺʖĆ (11 < -H0 < 14)*1ɺĽ0Ɗ
.Ŏ&)æœɫĽǈī#?&)ćɚ0[sfÚ.?&)æœ
ŢÎC)Bƅ*-ÚĚȀ~kPaO*BŃɺʖĆ (8< -H0 
< 11)*1æœɫĽ167Ğ*&#0+@Ɲæœ0æœǁŖȀ
1~ksfÚC#ǚŚ*B+ȥ@CB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Table 7. æœɫĽ0ɺĽ¯ĘŖ  
 
 
Figure 10. ɺĽ-ɫĽsbf  
  
N OR1
O
Acid (200eq)
N
O
+
TFA-TfOH
Reaction
System
TFE-TfOH
Entry
1
2
3
4
5
6
7
8
9
10
46a:
HN
2a (R2 = H) 
2l (R2 = Me)
reaction type A
H
N
O+
OCH2CF3
reaction type B
33
reaction type C
Reaction
Type
A
A
A
A
A
A, B (trace)
A, B 
B
C
C
[a] The reaction rates are extrapolated from data obtained at higher temperatures.
R1 =
CO2Me
CO2Me
47:
TfOH 
(%, w/w)
105k 
(s-1)-H0
14.1
13.0
12.2
10.8
9.7
8.3
2.7
4.9
4.6
9.1
2.83
5.38
27.8
109
120
106
93.7
0.212[a]
17.0
3.87
100
91
62
25
11
6
3
0
1
0.5
46a (6ºC)
TfOH 
(%, w/w)
105k 
(s-1)-H0
14.1
-
12.2
10.9
9.7
8.4
-
-
-
-
9.07
-
55.5
134
140
-
112
-
-
-
100
-
62
27
11
-
3
-
-
-
46b (25ºC)
R2
R2 = H
R2 R2
28a (R2 = H) 
28l (R2 = Me)
46b:
R1 =
R1 =
CO2Me
R2 = H
R2 = Me
TfOH 
(%, w/w)
105k 
(s-1)-H0
14.1
13.0
12.2
10.6
9.6
8.1
2.7
4.9
-
-
21.8
37.5
59.9
121
93.6
-
74.1
0.0721
15.4
-
100
91
62
25
10
-
2
0
1
-
47 (37ºC)
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(3) Th;MV 
 Ɉ0ɺĽ-ɫĽsbfƗØ+-B#;.1ɺĽĎÚ)<ŋɫƷ
ʉĎ*B+ŒȽ*B-E%łɺƠ¤*<K_ZIjfP
aOǡŜ)-C2-@-!*fqOɹɺÄ*0ÈɃ
æœPm}f40ǭůǪ-fqOɹɺKO0¡Õ.?&)Ł
ɛC)@&#GK_ZIjfPaO0ǡŜFȚ)B
+FǺ++#8!0ÏƷʉ+) TFA *<ǠÚæœɮȵB
ćɚFȾÇ# (Scheme 21)3, 4 §.}fQZćFƗBćɚ 46cä3h
q`ǠF<'ćɚ 46d .')1 TFA *<ǠÚæœɮȵ# 
 
Scheme 21. TFA *0ǠÚæœ   
H
N O
O
O OMe
NH
O
TFA (50 eq)
50ºC, 18 hrs
H
N O
O
O OMe
NH
O
TFA (50 eq)
50ºC, 18 hrs
MeO
MeO
MeO
MeO
91%
78%
46c
46d
2β
2γ
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 ư.ǠÚæœɮȵBćɚ+I{ǡŜɮȵBćɚ* TFA .
BæœɫĽFƸɢ# (Scheme 22)fqOɹɺÄ*Pm}fȪ©
ƼʑėȀ+)æœB+£Ğ1ư0ʧǒ*ǱǯB 
ʮsfÚ#Pm}f.Ĩ)ǭůǪ.ȯʛǠ¡ÕB
-@2!0æœɫĽ1ȯʛǠʑėɗĥ-ǿɫ-B#;æœ (a) 1æ
œ (b) ?A<ŽƧɫ-B+ȥ@CB-@ğʋ.1ǓȡŲ0ć
ɚ0I{ǡŜæœ+67îɫĽ*ɮȵ# 
 ʮ<<Pm}f40fqOɹɺKO0ǭůǪźŶ
.?&)I{ǡŜ)B+£ĞB-@2!0ɫĽ1(a) 0ǠÚɫĽ
?A<ɫ#;(a).)<I{ǡŜǘ+-&)-C2-@-
ğʋ167ĞɽǪ.ǠÚǘŏ@CB 
 C@1-E%ŋɫƷʉÀɪ)B+FǺ)BŋɫƷʉ
Àɪ)B+@ǠÚæœŋɫƷʉ*-+Ƌ@*B
*!0 .Ĕń-æœƯƬ0êȨŖ-<0+C2K_ZIjfP
aO0ǩǡɛ)AŋɫƷʉ1Ď*B+ȥ@CB 
 
Scheme 22. TFA *0æœɫĽ  
  
H
N O
O
O OMe
NH
O64ºC (in NMR)TFA (200 eq)
H
N O
O
O OMe
NH2
MeO
MeO
MeO
MeO
46c
46a
2β
28a
64ºC (in NMR)
TFA (200 eq)
k = 2.0 x 10-4 (s-1)
k = 3.4 x 10-4 (s-1)
(a)
(b)
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(4) HUkVG*318"8 
 æœ0ǙŖFɑ5B#;.ǁŖÚn}`FȍÇ# (Table 8)ɺĽ
¯ĘŖ0Ʃɇ+îƠ¤0 200 ńɽ0ɺǍĖ*ǊĽFĎÚ )æœɫ
ĽFǋĞ#ȅȔǓȡŲ0ćɚ 46a .')ƩɇFȵ&#țƤ-H0 = 
9.7, 10.8 (Entry 1, 2) ä3 14.1, 17.0 (Entry 3, 4) 0Á0ș.')ʙ¦Bǁ
ŖÚn}`ŏ@C# 
 -H0 = 9.7, 10.8 0ŃɺʖĆ*1ΔH‡0¶ΔG‡.ɥ?! 20 kcal/mol
*Bƅ*ɜŃɺʖĆ.)1ΔH‡0¶1 28~29 kcal/mol .ċÕ#
8#ȅȔ.}aćFƗBćɚ0ĉí.)<ɜŃɺʖĆ (Entry 5)
.BΔH‡0¶1ŃɺʖĆ0ĉí (Entry 6)?A<ċÕ# 
 -H0 = 9.7, 10.8 0ŃɺʖĆ*1ΔS‡0¶ 0 .ɥƅ*ɜŃɺʖĆ.
)1ΔS‡0¶1 20 cal/(mol·K)+ʓĶ.đ-¶*AɺĽ0Ɗ.Ŏ
&)ċÕ9@C#8#ȅȔ.}aćFƗBćɚ 46b 0ĉí.
)<ɜŃɺʖĆ (Entry 5).BΔS‡0¶1ŃɺʖĆ0ĉí(Entry 6)?A<
đ-¶*&#C0ĉí.)<ΔS‡0¶Ʋ0¶FǺ)AƝ
æœ0ŋɫƷʉYaɺ}a0ɺĽáė+PxiǑȔ+0ʂȺæ
œ*B++žíŖB 48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Table 8. ȩʎæœ0ǁŖÚn}`  
 
[a] Listed values are average of three runs. Standard errors are shown in parentheses.  
 
 
 
  
N O
O
O OMe
Acid (200eq) HO
O OMe
N
O
+
Temp. 
(ºC)Acid
105k 
(s-1)[a]
∆G‡ (25ºC)
(kcal/mol)
∆H‡ 
(kcal/mol)
∆S‡ 
(cal/(mol·K))
TFA:TfOH 
= 8:1 (w/w)
-H0
9.7
 6.2
 0.0
-6.3
120 (± 2)
47.3 (± 1.1)
21.0 (± 1.3)
20.0 (± 1.9) 20.3 (± 0.9) 0.7 (± 3.3)
TFA:TfOH 
= 3:1 (w/w) 10.8
14.1
 6.2
 0.0
-6.3
109 (± 4)
42.9 (±1.7)
17.7 (±0.9)
20.0 (± 1.6) 21.1 (± 0.8) 3.7 (± 2.8)
TfOH
18.6
12.4
6.2
21.7 (± 1.7) 28.2 (± 0.8) 21.7 (± 2.9)
25.6 (± 0.6)
9.18 (± 0.58)
2.83 (± 0.04)
TfOH:SbF5 
= 99:1 (w/w) 17.0
24.8
18.6
12.4
29.9 (± 0.2)
8.53 (± 0.20)
3.37 (± 0.11)
22.3 (± 2.7) 29.1 (± 1.3) 23.0 (± 4.6)
R = H
Substrate
R = Me
TFA:TfOH 
= 8:1 (w/w) 9.7
 24.8
 18.6
12.4
140 (± 3)
55.6 (± 0.5)
22.1 (± 0.3)
21.3 (± 0.4) 24.6 (± 0.2) 10.9 (± 0.7)
14.1
 37.2
 31.0
24.8
71.6 (±1.2)
23.7 (±0.7)
9.07 (±0.40)
23.0 (± 2.0) 30.0 (± 1.0) 23.4 (± 3.3)TfOH
R
R
Entry
1
2
3
4
5
6
R = H (46a), Me (46b) R = H (2a), Me (2l) 56
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(5) HU-6+85Zd 
 Ɲæœ0ȩʎɰǿä3ǠÚɰǿ.BæœsqJFĤĽƽʄŽǀ
.?&)Ɇȍ# (Figure 11)~ksfÚ©.')1'0Px
i*sfFŪG$Ƭɬ S1 ƕěĞƬɬ+)ŏ@C# 8#P
m}f.sfÚ#Ƭɬ S3 1 S1 +67îNjRFǺ#s
f0ǾÙ.?AÈėÄƻȔțíFŅŜBæœÏʜ©Ƭɬ*B S2 4
+ĎŲFȚ)ʂȺæœɮȵBsfǾÙ+ C-O țí0ÉƃîƏ.
ɛBǁŖÚ\dbs.)1ɴǾǚŚƬɬ TS1 1ƕěĞƬɬ S1 +Ƹ
ɢ) 21.5 kcal/mol NjRƊ#0Ƀʎ\dbs.)1ƕ
Ê.sf0ǾÙɮȵ!C.ŁȜ) C-O ʂȺæœɮȵB 
 ƅ*ǠÚæœ.)1ǁŖÚN`p1 7.4 kcal/mol +¨¶FǺ
#0țƤ1K_ZIjfʃ© NMR Ƀƣ*ɂǋC-+
ä3Ɲæœ.BŋɫƷʉǠÚæœ*1-ȩʎæœ*B+FŸŧ
B 
 
 
Figure 11. (a)ȩʎɰǿ?3  (b)ǠÚɰǿ0æœsqJ  
  
O O
O
N
O
Me
O
O
HO
SO O
CF3
H
Me
H
O
C
N
O
Me
O
O
HO
SO O
CF3
Me
H
NCO
O S
H
O
HO CF3
NO
O S
H
O
HO CF3
N
O H
O S
O
OH
CF3
S1
S1
S2
TS1 P1
S4
TS2
P2
P3S2
TS1
P1
S4
TS2
P2
P3
21.6 20.1
5.9
0.0
∆H
(kcal/mol)
0.0
H
H
(a) Dissociation Step (b) Cyclization Step
OMe
ON
Me
H
H
HO SO
O
F3C
S3
O
N
O
Me
O
O
HO
S
O
OF3C
Me
H
S3
H
Method: CPCM-M06-2X/cc-aug-pVTZ//CPCM-B3LYP/6-31+G(d)
7.4
1.3
-40.4
0.4
Method: CPCM-M06-2X/cc-aug-pVTZ//B3LYP/6-31+G(d)
2.20 Å
2.21 Å
H
∆H
(kcal/mol)
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− 07nX`%4+38%=EHU<J
 
 fqO}`\wɺFǢBƝæœƠ¤.)1ćɚ+Ǡ
ÚǡŜǘȩʎć*BYaɺ}a167Ĝ¿.sfÚCƼƥ
ŖƪȈ.¨B>.ȭ.ƼƥŖ¨+C)Bfqf
IiOȐ*ƕ<ƼƥŖ0ʟÚĚȀ+-B#;Ñæœ0Ƚý+-
B!*ƝȎ*1ȯʛƆƼʑėȡŲæœFȵ*ȭǪ.9@CBÑ
æœ*BfqfIiO0¡Õæœ.')ɧ5B 
 fqfK_ZIjfPaO.¡ÕB+Pm}fÚíǘ
ʣ¢fqPm}fʤFǡB+ȥ@CBæœ0·Ʊ0ʋ
.ƻ=}`kFÕB+Ýʎ*-+@æœ·ƱÆǟ.?&)
ČC)8&)B+ȥ@CB!*NMR FǢ)æœȐ*fq
Pm}f 29p +!0æœFɂǋ#ʧ'0Sć*ŃÔ.ǁ
ŖÚC#ćɚ1ǠÚæœ+I{ǡŜæœFɛȩʎćFYa
ɺ}a+#ćɚ 46e ä3 o-ifqMk+#ćɚ 48b FđɰÒɽ
0 TfOH .)æœ NMR ǋĞFȵ&# (Scheme 23) 
 
Scheme 23. ʃ© 29p 0ǡŜ  
  
H
N O
O
OMeOCl
Cl
H
N O
O
NO2Cl
Cl
TfOH (200 eq)
Cl
Cl NH
O
+
H
N OTf
O
Cl
Cl
HO
O OMe
+
Cl
Cl NH
O
+
H
N OTf
O
Cl
Cl
HO
NO2
+
54 : 46
34 : 66
0 ~ 25ºC
1 hr
0 ~ 25ºC
30 min
TfOH (200 eq)
56
5748b
46e 2p
2p 29p
29p
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 !0țƤǠÚǡŜǘ0sfÚ©ȩʎć0sfÚ©.ÕÀɪ
Bʃ©ŏ@C# (Figure 12)1H NMR .)ȅȔ0ƻȔ.ǤơB
+ŕECBpS 7.2 ppm .ɂǋC#+13C NMR .)Pm}
f0PxiǑȔ+ŕECBpS 160.9 ppm .ɂǋC#+@
ƝÚĚȀ1fqPm}f*B+ȥ@CB?&)-Ñæ
œ+)fqf0¡ÕɛB+ǷɎC# 
Figure 12. fqPm}f 29p 0ɂǋ  
 
 8#0¡Õǘ1 70*ÕǖB+ 10 ÈǿĽ*ÈɃI{+-&#
C1}`kFȩʎć+)ɫĽǋĞFȵ&#ʋ.fqPm
}fɂǋCI{ɂǋC#++ȉíB8#I{4
0ÈɃæœ1ĠǊ*1ʓĶ.ɯIXʐÿƺĠǊ* 15 ƈŻȡ)<
80ʢ6,ÈɃB.Ǧ8&#!0#;ǠÚæœȘŌ<ěĞ.ƶĘ)
B+È&#Ɲæœ*1ÑǡŜǘ+)I{=ĭȔŏ@CB
+Bƻ*æœF·ƱB+ÕƻÈɃ.?BI{ǡŜ+!0I
{0fqPm}f40¡Õ.?BĭȔǡŜɛ)B+ȥ
@CB 
 
  
N OTf
O
Cl
Cl
Common Intermediate
13C NMR: 160.9, 134.5, 134.4, 132.1, 131.4, 129.4, 127.5, 
118.3 (q, J = 315 Hz, duplicated with solvent) 43.1, 31.1.
H
Broad Singlet ~7.2ppm
29p
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wv }^iNx[HUo 
¢ʪĹ¢Ä.ÇǗĞ 
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
ƝǴȃ.)ȲȦ1ʁƴëFŧ'ȯʛƆƼʑėȡŲæœ.?Bȯʛ
ƆI{gÚ0Ɣ-BŹûFǬŨÎŐ0þʏ-ƼʑėȀ*BK_ZIj
fPaO0ÍǢFĀ&# 
8Ȋʧȇ.)ɆȍÚĚFǢ)ƼʑėȀ0æœŖFȾȁ<&#
!0țƤK_ZIjfPaO1IZL|KO+îȌ!C¢0
æœŖFŧ'+ŘC#0Ř1C¢ʅ0ĪȎä3Ȋʩȇ0
ğʝ.?&)Ȼ¡@C#8#Ɲȇ*1}`kFȩʎć+#}a
Pm}fÚíǘFfqO}`\wɺ*ÕǖB+*
lVFƗBǁŖÚC#ȯʛƆÚíǘ*<ʫ÷ǠŅŜæœFȵB
+FƋ@.#Ɣ.ǭȟȪǤNjRʄ±=ǁŖÚn}`
0æœɫĽɃƣFÍǢƝæœ0ǁŖȀ+)K_ZIjfPaOǩ
ǡ)B+FǺ# 
Ȋʨȇ.)?AȂö-Ơ¤*ȩʎBØǝǪ-ȩʎć0ŮȕFȵ
Yaɺ}aä3 o-ifqMkɜŃɺ*ØǝǪ.ȩʎB
+FƋ@.#Yaɺ}aFȩʎć+)ÍǢ#ĉí0K_Z
IjfPaO0ǩǡɫĽ.)1~kPaO-ÚĚȀ+-B
ɺĽʖĆ*1ɫƅ*ʑėɝ-[PaOÚĚȀʟǐĽ*ǩǡB
?-ɺ*1ɯ-B+¸ðFǺ#C1Ŏơ0ɜƼʑėȀ0
ÚĚ.)ǍĖ0ɺĽ0ʟĶ.ƼʑėȀ0æœŖ0ƊFŁɛ
)#ğ+1ǮæBțƤFǺ)AɜŃɺ.BǁŖÚƯƬ0
Ƀɻ.Ĩ)Ƅ#-ɀǒF#+ȥ@CB8#ĝȨć0sfÚ
.?BPaOŖÈėÄƻȔțíFÍǢB+*æœ0ØǝǪ-ǁŖÚF
ȵ+ŠǀFǺ#ƝŠǀFÍǢ#Ƅ#-ƼʑėȀǡŜŠǀ0ʂǩ
ƚŊCB 
Ɣ.Ȋʩȇ.)Yaɺ}aFǢ#ƄȿŠǀ0ƗǢŖ0Ʃɇ
Fȵ&#0țƤʑė®ć*ǁŖÚC#ȯʛǠ09-@ʑėƼ
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Łć*ŃÔ.ǁŖÚC#ȯʛǠ*&)<ʫ÷ǠŅŜæœFȵB+
Ƌ@.-&#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P 
 
General Methods  
Melting points were determined with a Yanaco micro melting point apparatus without 
correction. 1H (400 MHz) – and 13C (100 MHz) -NMR spectra were recorded on a Bruker 
Avance400. Chemical shifts were calibrated with tetramethylsilane as an internal standard or 
with the solvent peak, and are shown in ppm (δ) values, and coupling constants are shown in 
hertz (Hz). The following abbreviations are used: s = singlet, d = doublet, t = triplet, q = 
quartet, dd = double doublet, dt = double triplet, dq = double quartet, h = hextet, m = 
multiplet, and brs = broad singlet. Temperature was calibrated using methanol according to 
the Geet's method.53 Electron spray ionization time-of-flight mass spectra (ESI-TOF MS) 
were recorded on a Bruker micrOTOF-05 to give low-resolution mass spectra (LRMS) and 
high-resolution mass spectra (HRMS). The enantiomeric excesses were determined by 
HPLC. HPLC analysis was performed on HITACHI LaChrom Elite HPLC systems 
containing of following: pump, L-2130; detector, L-2400, measured at 250 nm; chiral
column; mobile phase, 2-propanol/hexane. All of the reactions were performed using heat 
gun-dried, oven-dried or vacuum-dried glassware. Trifluoromethanesulfonic acid (TfOH) was 
dried with trifluoromethanesulfonic acid anhydride and purified with vacuum distillation prior 
to use. Trifluoroacetic acid (TFA) was dried with trifluoroacetic acid anhydride and purified 
with distillation under argon atmosphere. And 2,2,2-trifluoroethanol (TFE) was dried with 
calcium hydride and purified with distillation under argon atmosphere. Other commercially 
available compounds and solvents were used as received. 
 
Synthesis of Chemical Compounds  
U 
Synthesis of methyl 2-Aryl-ethyl/3-Aryl-propyl-carbamate 
A typical procedure: Synthesis of phenetylcarbamic acid methyl ester (1a) 
 
 To a solution of phenethylamine (1.0 mL, 8.0 mmol) and triethylamine (1.2 mL, 8.8 
mmol, 1.1 equiv.) in DMF (30 mL), methyl chloroformate (0.68 mL, 8.8 mmol, 1.1 eq) were 
slowly added at 0 °C, and the reaction mixture was stirred at 25 °C for 1 hour. Then, water 
(100 mL) was added, and the whole was extracted with EtOAc. The organic phase was 
washed with brine, dried over Na2SO4, and the solvent was evaporated under reduced 
pressure to give a residue, which was column-chromatographed on silica gel (eluent: EtOAc : 
n-hexane = 1 : 3)) to afford phenetylcarbamic acid methyl ester 1a as colorless oil (1.36 g, 
7.59 mmol, 95 % Yield).  
1H-NMR (400 MHz, CDCl3) δ (ppm): 7.32-7.18 (m, 5H), 4.89 (brs, 1H), 3.64 (s, 3H), 3.43 (q, 
J = 6.8 Hz, 2H), 2.81 (t, J = 6.8 Hz, 2H). 13C-NMR (CDCl3) δ: 156.9, 138.7, 128.6, 128.4, 
126.3, 51.8, 42.1, 36.0. Anal. Calcd. for C10H13NO2: C, 67.02; H, 7.31; N, 7.82. Found: C, 
66.73; H, 7.37; N, 7.82. MS (ESI+): 202 ([M+Na]+). 
 
 
Synthesis of 2-4-tolylethylcarbamic acid methyl ester (1b) 
 
93% Yield. Mp: 37.5 – 39.5°C (colorless needles, recrystallized from hexane and 
dichloromethane). 1H-NMR (400 MHz, CDCl3) δ (ppm): 7.12 (d, J = 8.0 Hz, 2H), 7.08 (d, J 
= 8.0 Hz, 2H), 4.67 (brs, 1H), 3.65 (s, 3H), 3.42 (q, J = 6.4 Hz, 2H), 2.77 (t, J = 6.8 Hz, 2H), 
2.32 (s, 3H). 13C-NMR (100 MHz, CDCl3) δ: 156.8, 135.7, 135.5, 129.0, 128.4, 51.7, 42.1, 
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35.5, 20.8. Anal. Calcd. for C11H15NO2: C, 68.37; H, 7.82; N, 7.25 . Found: C, 68.56; H, 
7.87; N, 7.17. MS (ESI+): 216 ([M+Na]+) 
 
Synthesis of 2-3-tolyl-ethyl-carbamic acid methyl ester (1c) 
 
67% Yield. Colorless oil. 1H-NMR (400 MHz, CDCl3) δ (ppm): 7.22 (t, J = 7.6 Hz, 1H), 7.07 
- 7.01 (m, 3H) 4.99 (brs, 1H), 3.67 (s, 3H), 3.45 (q, J = 6.8 Hz, 2H), 2.80 (t, J = 6.8 Hz, 2H), 
2.36 (s, 3H). 13C-NMR (100 MHz, CDCl3) δ: 156.8, 138.5, 137.9, 129.3, 128.3, 127.0, 125.5, 
51.7, 42.0, 35.8, 21.1. ESI-HRMS: Calcd. for C11H15NNaO2+ ([M+Na]+): 216.1001. Found: 
216.0995. 
 
Synthesis of 2-4-chloro-phenethyl-carbamic acid methyl ester (1d) 
 
92% Yield. Mp. 50 - 51 °C (colorless plates, recrystallized from n-hexane/CHCl3). 1H-NMR 
(400 MHz, CDCl3/TMS) δ (ppm): 7.28 (d, J = 8.4 Hz, 2H), 7.13 (d, J = 8.4 Hz, 2H), 4.82 
(brs, 1H), 3.66 (s, 3H), 3,41 (q, J = 6.8 Hz, 2H), 2.79 (t, J = 6.8 Hz, 2H). 13C-NMR (100 
MHz, CDCl3) δ (ppm): 157.0, 137.3, 132.3, 130.1, 128.7, 52.1, 42.1, 35.5. Anal. Calcd. for 
C10H12ClNO2: C, 56.21; H, 5.66; N, 6.56. Found: C, 56.22; H, 5.37; N, 6.52. ESI-HRMS: 
Calcd. for C10H12ClNNaO2+ ([M+Na]+): 236.0454. Found: 236.0455. 
 
Synthesis of 2-3-chloro-phenethylcarbamic acid methyl ester (1e) 
 
91 % Yield. Mp: 36.0 – 37.0 (recrystallized from hexane and dichlorometane). 1H-NMR (400 
MHz, CDCl3) δ (ppm): 7.24-7.08 (m, 3H), 7.07 (d, J = 6.8 Hz, 1H), 4.67 (brs, 1H), 3.67 (s, 
3H), 3.43 (q, J = 6.8 Hz, 2H), 2.79 (t, J = 6.8 Hz, 2H). 13C-NMR (100 MHz, CDCl3) δ: 156.9, 
140.7, 134.0, 129.6, 128.6, 126.8, 126.4, 51.8, 41.8, 35.6. Anal. Calcd. for C10H12ClNO2: C, 
56.21; H, 5.66; N, 6.56. Found: C, 56.19; H, 5.72; N, 6.58. MS (ESI+): 236 ([M+Na]+) (M: 
C10H12ClNO2) 
 
Synthesis of 2-2-chlorophenylethylcarbamic acid methyl ester (1f) 
 
90 % Yield. Colorless oil. 1H-NMR (400 MHz, CDCl3) δ (ppm): 7.12-7.36 (m, 4H), 4.74 (brs, 
1H), 3.66 (s, 3H), 3.45 (m, 2H), 2.95 (t, J = 7.0 Hz, 2H). 13C-NMR (100 MHz, CDCl3) δ: 
157.0, 136.4, 134.1, 131.0, 129.6, 128.0, 126.9, 52.1, 40.6, 33.9. Anal. Calcd. for C11H15NO2: 
C, 56.21; H, 5.66; N, 6.56. Found: C, 56.00; H, 5.62; N, 6.55. MS (ESI+): 236 ([M+Na]+) (M: 
C11H15NO2). 
 
Synthesis of 2-4-Fluoro-phenethylcarbamic acid methyl ester (1g) 
 
96% Yield. Mp: 54.5 – 55.5 (recrystallized from hexane and dichloromethane).  
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1H-NMR (400 MHz, CDCl3) δ (ppm): 7.14 (dd, J = 5.2 Hz, 2H), 6.99 (tt, J = 8.8, 2.0 Hz, 2H), 
4.70 (brs, 1H), 3.65 (s, 3H), 3.41 (q, J = 6.8 Hz, 2H), 2.78 (t, J = 6.8 Hz, 2H). 13C-NMR (100 
MHz, CDCl3) δ: 161.5 (d, J = 243 Hz), 156.8, 134.3, 130.0 (d, J = 8 Hz), 115.2 (d, J = 21 
Hz), 51.9, 42.1, 35.2. Anal. Calcd. for C10H12FNO2: C, 60.90; H, 6.13; N, 7.10. Found: C, 
60.91; H, 6.04; N, 7.06. ESI-HRMS: Calcd. for C10H12FNNaO2+ ([M+Na]+): 220.0750. 
Found: 220.0774. 
 
Synthesis of 2-3-Fluoro-phenethylcarbamic acid methyl ester (1h) 
 
65% Yield. Colorless oil. 1H-NMR (400 MHz, CDCl3/TMS) δ (ppm): 7.22 - 6.99 (m, 4H), 
4.89 (s, 1H), 3.63 (s, 3H), 3.41 (q, J = 6.4 Hz, 2H), 2.84 (t, J = 6.4 Hz, 2H). 13C-NMR (100 
MHz, CDCl3) δ (ppm): 162.9 (d, J = 234 Hz), 157.0, 141.3 (d, J = 8 Hz), 130.1 (d, J = 8 Hz), 
124.4 (d, J = 3 Hz), 115.6 (d, J = 20 Hz), 113.4 (d, J = 21 Hz), 52.1, 42.0, 35.9.  
ESI-HRMS: Calcd. for C10H12FNNaO2+ ([M+Na]+): 220.0750. Found: 220.0747. 
 
Synthesis of 2-2-fluoro-phenethylcarbamic acid methyl ester (1i) 
 
78% Yield. Colorless oil. 1H-NMR (400 MHz, CDCl3/TMS) δ (ppm): 7.19 - 7.13 (m, 2H), 
7.22 (dt, J = 7.6, 1.2 Hz, 1H), 6.97 (dt, J = 8.4, 1.2 Hz, 1H), 5.10 (s, 1H), 3.59 (s, 3H), 3.38 
(q, J = 6.4 Hz, 2H), 2.82 (t, J = 6.8 Hz, 2H). 13C-NMR (100 MHz, CDCl3) δ (ppm): 160.9 (d, 
J = 234 Hz), 156.9, 130.9 (d, J = 4 Hz), 128.0 (d, J = 8 Hz), 125.6 (d, J = 16 Hz), 123.9 (d, J 
= 3 Hz), 115.1 (J = 22 Hz), 51.7, 40.9, 29.4. ESI-HRMS: Calcd. for C10H12FNNaO2+ 
([M+Na]+): 220.0750. Found: 220.0745. 
 
Synthesis of [2-(2-Fluoro-5-methyl-phenyl)-ethyl]-carbamic acid methyl ester (1k) 
 
78% Yield. Colorless oil. 1H-NMR (400 MHz, CDCl3) δ (ppm): 6.98 - 6.85 (m, 3H), 4.89 
(brs, 1H), 3.63 (s, 3H), 3.39 (q, J = 6.4 Hz, 2H), 2.79 (t, J = 6.8 Hz, 2H), 2.27 (s, 3H). 13C-
NMR (100 MHz, CDCl3) δ: 159.5 (d, J = 241 Hz), 157.0, 133.5 (d, J = 3 Hz), 131.5 (d, J = 5 
Hz), 128.6 (d, J = 8 Hz), 125.2 (d, J = 16 Hz), 114.9 (d, J = 22 Hz), 51.9, 41.1, 29.6, 20.5. 
ESI-HRMS: Calcd. for C11H14FNNaO2+ ([M+Na]+): 234.0906. Found: 234.0914. 
 
Synthesis of (2-Phenyl-propyl)-carbamic acid methyl ester (1m) 
 
92 % Yield. 1H-NMR (400 MHz, CDCl3) δ (ppm): 7.34-7.19 (m, 5H), 4.56 (brs, 1H), 3.63 (s, 
3H), 3.52 - 3.45 (m, 1H), 3.30 - 3.23 (m, 1H), 3.00 - 2.93 (m, 1H), 1.27 (d, J = 6.8 Hz, 3H). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 157.0, 144.0, 128.6, 127.1, 126.6, 51.9, 47.7, 40.0, 
19.1. ESI-HRMS: Calcd. for C11H15NNaO2+ ([M+Na]+): 216.1001. Found: 216.0999. 
 
Synthesis of methyl (3-phenylpropyl)carbamate (1n) 
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87% Yield. Colorless oil. 1H-NMR (400 MHz, CDCl3/TMS) δ (ppm): 7.33 - 7.29 (m, 2H), 
7.23 - 7.19 (m, 3H), 4.85 (brs, 1H), 3.68 (s, 3H), 3.26 - 3.21 (m, 2H), 2.67 (t, J = 7.6 Hz, 2H), 
1.89 -1.82 (m, 2H). 13C-NMR (100 MHz, CDCl3) δ (ppm): 157.1, 141.5, 128.5, 128.4, 126.0, 
52.0, 40.6, 33.0, 31.6. Anal. Calcd. for C11H15NO2: C, 68.37; H, 7.82; N, 7.25. Found: C, 
68.17; H, 7.86; N, 7.26. ESI-HRMS: Calcd. for C11H15NNaO2+ ([M+Na]+): 216.1001. Found: 
216.1002. 
 
Synthesis of 2,4-dichlorophenethylcarbamic acid methyl ester (1p) 
 
54% Yield. Colorless oil. 1H-NMR (400 MHz, CDCl3) δ (ppm): 7.37 (d, J = 2.0 Hz, 1H), 
7.20- 7.14 (m, 2H), 4.72 (brs, 1H), 3.66 (s, 3H), 3.42 (q, J = 6.4 Hz, 2H), 2.92 (t, J = 6.8 Hz, 
2H).  
13C-NMR (100 MHz, CDCl3) δ: 156.9, 134.9, 134.6, 132.7, 131.5, 129.1, 126.9, 51.9, 40.2, 
33.1.  
Anal. Calcd. for C10H11Cl2NO2 : C, 48.41; H, 4.47; N, 5.65. Found : C, 48.39; H, 4.57; N, 
5.50. 
MS(ESI+): 270([M+Na]) (M: C10H11Cl2NO2). 
 
Synthesis of 2-4-nitro-phenylethylcarbamic acid methyl ester (1r) 
 
94% Yield. Mp: 116.5 – 117.5 °C (colorless plates, recrystallized from CH2Cl2-n-hexane). 
1H-NMR (400 MHz, CDCl3) δ (ppm): 8.19 (d, J =8.8 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 4.75 
(brs, 1H), 3.69 (s, 3H), 3.50 (q, J =6.8 Hz, 2H), 2.96 (t, J = 6.8Hz, 2H). 13C-NMR (100 MHz, 
CDCl3) δ: 156.9, 146.9, 146.6, 129.7, 123.8, 52.2, 41.7, 36.2. Anal. Calcd. for C10H12N2O4: C, 
53.57; H, 5.39; N, 12.49. Found: C, 53.36; H, 5.34; N, 12.49. ESI-HRMS: Calcd. for 
C10H12N2NaO4+ ([M+Na]+): 247.0695. Found: 247.0691. 
 
Synthesis of 2-3-nitro -phenylethylcarbamic acid methyl ester (1s) 
 
68% Yield. Mp: 87.5 – 88.0 °C (colorless plates, recrystallized from CH2Cl2-n-hexane). 
1H-NMR (400 MHz, CDCl3) δ (ppm): 8.10 (dd, J = 8.0, 0.8 Hz, 1H), 8.08 (d, J = 0.8 Hz, 1H), 
7.56 (d, J =7.6 Hz, 1H), 7.50 (t, J = 7.6 Hz, 1H), 4.81 (brs, 1H), 3.68 (s, 3H), 3.49 (q, J = 6.8 
Hz, 2H), 2.96 (t, J = 7.6 Hz, 2H). 13C-NMR (100 MHz, CDCl3) δ (ppm): 156.9, 148.4, 140.9, 
135.1, 129.5, 123.6, 121.7, 52.2, 41.9, 35.9. Anal. Calcd. for C10H12NO4: C, 53.57; H, 5.39; N, 
12.49. Found: C, 53.72; H, 5.29; N, 12.41. ESI-HRMS: Calcd. for C10H12N2NaO4+ 
([M+Na]+): 247.0695. Found: 247.0681. 
 
Synthesis of 2-4-methoxyphenylethylcarbamic acid methyl ester (1u) 
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65% Yield. Mp: 60.0 – 62.0 (recrystallized from hexane and dichloromethane)  
1H-NMR (400 MHz, CDCl3) δ (ppm): 7.26 (s, 1H), 7.10 (d, J = 8.4 Hz, 2H), 6.85 (d, J = 8.4 
Hz, 2H), 4.66 (brs, 1H), 3.79 (s, 3H), 3.65 (s, 3H), 3.39 (q, J = 6.4 Hz, 2H), 2.75 (t, J = 6.8 
Hz, 2H). 13C-NMR (100 MHz, CDCl3) δ: 158.1, 156.9, 130.6, 129.5, 113.8, 55.0, 51.8, 42.2, 
35.0. Anal. Calcd. for C11H15NO3 : C, 63.14; H, 7.23; N, 6.69. Found: C, 63.00; H, 7.19; N, 
6.55. MS (ESI+): 232 ([M+Na]+). (M: C11H15NO3). 
 
Synthesis of 2-4-bromophenylethylcarbamic acid methyl ester (1w) 
 
96% Yield. Mp: 54.0-55.0ºC (white powder, recrystallized from hexane and 
dichloromethane) 
1H-NMR (400 MHz, CDCl3) δ (ppm): 7.43 (d, 2H, J =8.0 Hz), 7.07 (d, 2H, J = 8.4 Hz), 4.65 
(brs, 1H), 3.66 (s, 3H), 3.41 (m, 2H), 2.77 (t, 2H, J = 6.8Hz). 
13C-NMR (CDCl3) δ (ppm): 156.7, 137.6, 131.2, 130.2, 119.9, 51.7, 41.7, 35.2. 
Anal. Calcd. for C10H12BrNO2: C, 46.53; H, 4.69; N, 5.43 . Found: C, 46.46; H, 4.75; N, 5.35. 
MS (ESI+): 280 ([M+Na]+) (M: C10H12BrNO2) 
 
Synthesis of 2-4-trifluoromethylphenylethylcarbamic acid methyl ester (1x) 
 
Mp: 86-87°C (colorless needles, recrystallized from n-hexane).  
1H-NMR (CDCl3) δ: 7.59 (d, 2H, J = 8.0 Hz), 7.40 (d, 2H, J = 8.0 Hz), 5.09 (brs, 1H), 4.30 (d, 
2H, J = 6.0 Hz), 3.72 (s, 3H).  
Anal. Calcd. for C10H10F3NO2: C,51.51; H,4.32; N,6.01. Found: C, 51.40; H, 4.32; N, 6.04. 
 
Synthesis of 2-4-hydroxy-phenethylcarbamic acid methyl ester (1j) 
 
  To a solution of [2-(4-Methoxy-phenyl)-ethyl]-carbamic acid methyl ester (628.1 mg, 
3.0 mmol) in DCM (5.0 mL), a solution of BBr3 in DCM (1M, 9.0 mL, 3 equiv.) was slowly 
added and the mixture was stirred at 0 °C to 20 °C for 4 hr. To quench the reaction mixture, 
methanol (5 mL) was added, and then water (30 mL) was added and the whole was extracted 
with DCM (100 mL). The organic phase was washed with brine, dried over Na2SO4, and the 
solvent was evaporated under reduced pressure to give a residue, which was column-
chromatographed on silica-gel (eluent: EtOAc - n-hexane (1:8 to 1:3)) to afford [2-(4-
Hydroxy-phenyl)-ethyl]-carbamic acid methyl ester (545.0 mg, 2.79 mmol, 93% yield). 
Mp. 91.0 - 91.5 °C (white powder, recrystallized from n-hexane and CHCl3).  
1H-NMR (400MHz, CDCl3) δ (ppm): 7.03 (d, J = 8.4 Hz, 2H), 6.81 ( dt, J = 8.8, 2.4 Hz, 2H), 
6.56 (brs, 1H), 4.85 (brs, 1H), 3.68 (s, 3H), 3.41 (q, J = 6.8 Hz, 2H), 2.74 (t, J = 7.2 Hz, 2H). 
13C-NMR (100MHz, CDCl3) δ (ppm): 157.3, 154.7, 130.1, 129.8, 115.5, 52.2, 42.4, 35.2. 
Anal. Calcd. for C10H13NO3: C, 61.53; H, 6.71; N, 7.18. Found: C, 61.71; H, 6.83; N, 7.07. 
ESI-HRMS: Calcd. for C10H13NNaO3+ ([M+Na]+): 218.0793. Found: 218.0763. 
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Synthesis of 2-(3-aminophenyl)ethylcarbamic acid methyl ester (1α)  and 2-(4-
aminophenyl)ethylcarbamic acid methyl ester (1t) 
A typical procedure: Synthesis of 2-4-amino-phenylethylcarbamic acid methyl ester (1t) 
 
 A solution of 2-4-amino-phenylethylcarbamic acid methyl ester (621 mg 2.76 mmol) 
and palladium on carbon (5%w/w, wet, 33.5 mg) in methanol (20 mL) was stirred at 20 °C 
for 4 hrs under H2 atmosphere. Then, the solvent was filtered and evaporated under reduced 
pressure to give a residue, which was column-chromatographed on silica gel (eluent: CHCl3) 
to afford 2-4-amino-phenylethylcarbamic acid methyl ester 1p as colorless oil (558.9 mg, 
2.88 mmol, quantitative yield). 1H-NMR (400 MHz, CDCl3) δ (ppm): 6.97 (d, J = 8.4 Hz, 
2H), 6.64 (dd, J = 8.8, 2.4 Hz, 2H), 4.84 (brs, 1H), 3.66 (s, 3H), 3.51 (s, 2H), 3.37 (q, J = 6.8 
Hz, 2H), 2.69 (t, J = 6.8 Hz, 2H). 13C-NMR (100 MHz, CDCl3) δ: 156.9, 144.8, 129.5, 128.5, 
115.3, 51.9, 42.4, 35.1.  
ESI-HRMS: Calcd. for C10H14N2NaO2+ ([M+Na]+): 217.0953. Found: 217.0937. 
 
Synthesis of 2-3-amino-phenylethylcarbamic acid methyl ester (1α)  
 
Quantitative Yield. Colorless oil. 1H-NMR (400 MHz, CDCl3) δ (ppm): 7.07 (t, J =8.0 Hz, 
1H), 6.58 - 6.52 (m, 2H), 6.49 (s, 1H), 5.06 (brs, 1H), 3.71 (s, 2H), 3.65 (s, 3H), 3.39 (q, J = 
6.8 Hz, 2H), 2.69 (t, J = 6.8 Hz, 2H). 13C-NMR (100 MHz, CDCl3) δ: 156.8, 146.6, 139.8, 
129.2, 118.5, 115.2, 113.0, 51.7, 41.9, 35.8. ESI-HRMS: Calcd. for C10H14N2NaO2+ 
([M+Na]+): 217.0953. Found: 217.0954. 
 
Synthesis of methyl N-methyl-phenethylcarbamate (1l) 
 
  To a suspension of NaH (60mg of a 60% dispersion in mineral oil) in DMF (10 ml) 
were added phenethyl carbamate 1a (400mg, 2.23 mmol) and triethyl amine (0.34 ml) at 
room temperature (20 ºC) and the mixture was stirred for 5 min. MeI (0.42 ml) was then 
added in a dropwise manner. The whole was stirred at 20 ºC for 16 hrs. The reaction was 
quenched with water and the whole was extracted with EtOAc. The combined organic 
extracts were washed with brine and dried (Na2SO4), and the solvent was evaporated under 
reduced pressure to give a residue, which was column-chromatographed on silica-gel (eluent: 
EtOAc –hexane (1 : 5)) to afford the title compound (362 mg, 1.87 mmol). Yield 84%.  
Colorless oil. 1H-NMR (400 MHz, CDCl3), two rotamers with respect to the amide bond 
were observed (approximately 1: 1 ratio) δ (ppm): 7.34 - 7.19 (m, 5H), 3.75 (s, 3H, rotamer 
A), 3.65 (s, 3H, rotamer B), 3.51 - 3.46 (m, 2H), 2.89 (s, 2H), 2.84 (s, 3H). 13C-NMR (100 
MHz, CDCl3) δ (ppm): 156.7, 138.9, 128.7, 128.4, 126.2, 52.3, 51.0, 50.4, 34.8, 34.5, 34.0.  
ESI-HRMS: Calcd. for C11H15NNaO2+ ([M+Na]+): 216.1001. Found: 216.0993. 
 
Synthesis of 3-(p-4-methylphenyl)propylcarbamic acid methyl ester (1o) 
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 To a solution of 4-methylphenethyl bromide (398.18, 2.0 mmol) in CH3CN (20 mL), 
TMSCN (0.4 ml, 3.0 mmol, 1.5 equiv.) and TBAF (3.0 ml, 3.0 mmol.) were added at rt, and 
the reaction mixture was stirred at 80°C for 20 min. Then the solvent was evaporated under 
reduced pressure to give a residue, which was column-chromatographed on silica gel (eluent: 
EtOAc - n-hexane (1 : 5)) to afford to compound 3-(4-methyl-phenyl)-propionitrile as 
colorless oil (262.9 mg, 1.81 mmol, 91 %). 
1H-NMR (CDCl3) δ: 7.16-7.10 (4H, m), 2.92 (2H, t, J = 7.6 Hz ), 2.59 (2H, t, J = 7.6 Hz). 
 To a solution of lithium aluminium tetrahydride (69.4 mg, 1.98 mmol, 1.1 equiv.) in 
dry ether (7.9 mL), the above product, 3-(4-methylphenyl)propionitrile (241.4 mg, 1.26 
mmol) was added dropwise at 0 °C, and the reaction mixture was stirred at reflux for 3 hour. 
Then, cooled to 0 °C and quenched by water (0.1 mL). 15 % NaOH solution (0.1 ml) and 
water (0.3 mL) was added, and the whole was stirred at 0 °C for 2 h. Then, the reaction 
mixture was dried over Na2SO4, and the solvent was evaporated under reduced pressure to 
afford to compound 3-(4-methyl-phenyl)-1-propanamine as colorless oil. 
  To a solution of above obtained 3-(4-methylphenyl)-1-propanamine in DMF (6.7 mL), 
methyl chloroformate (0.14 mL, 1.95 mmol, 1.7 equiv.) and triethylamine (0.28 mL, 1.65 
mmol, 1.4 equiv.) were added at 0 °C, and the reaction mixture was stirred at room 
temperature for 3 hour. Then, water (15 mL) was added, and the whole was extracted with 
EtOAc. The organic phase was washed with brine, dried over Na2SO4, and the solvent was 
evaporated under reduced pressure to give a residue, which was column-chromatographed on 
silica gel (eluent: EtOAc - n-hexane (1 : 3)) to afford to compound 1o (172.0 mg, 0.83 mmol, 
50 % over 2 steps). 
 
Mp: 56.0-57.0 °C (colorless plates). 1H-NMR (CDCl3) δ : 7.14 - 7.08 (4H, m), 4.82 (1H, brs), 
3.69 (3H, s), 3.22 (2H, d, J = 6.4 Hz), 2.64 (2H, t, J = 8.0 Hz), 2.35 (3H, s), 1.84 (2H, m). 
13C-NMR (CDCl3) δ (ppm): 157.1, 138.3, 135.4, 129.1, 128.2, 52.0, 40.7, 32.6, 31.7, 21.0. 
ESI-HRMS: Calcd for C12H17NNaO2+ ([M+Na]+): 230.1157. Found: 230.1153. 
 
Synthesis of 3-(4-fluorophenyl)-propyl carbamic acid methyl ester (1q) 
 
 To a solution of 4-fluorophenethyl bromide (2072 mg, 10.2 mmol) in CH3CN (10 
mL), TMSCN (1507 mg, 15.2 mmol, 1.5 equiv.) and tetrabutylammonium fluoride (TBAF) 
in THF (1M solution, 15 ml, 15 mmol.) were added at 0 C, and the reaction mixture was 
stirred at 70 C for 40 min. Then the solvent was evaporated under reduced pressure to give a 
residue, which was column-chromatographed on silica gel (eluent: EtOAc - n-hexane (1 : 6)) 
to afford to 3-(4-fluorophenyl)propanenitrile as colorless oil (1298 mg, 8.70 mmol, 85 %). 
1H-NMR (400 MHz, CDCl3) δ: 7.16-7.10 (m, 4H), 2.92 (t, J = 7.6 Hz, 2H), 2.59 (t, J = 7.6 
Hz, 2H). 
  To a solution of lithium aluminium tetrahydride (920.4 mg) in dry ether (30 mL), the 
above product, 3-(4-fluorophenyl)propionitrile (1298 mg, 8.70 mmol) was added in a 
dropwise manner at 0 °C, and the reaction mixture was heated at reflux for 2 hrs with stirring. 
Then, cooled to 0 °C and quenched by sodium sulfate hydrate, and the whole was filtered. 
Then, the solution was dried over Na2SO4, and the solvent was evaporated under reduced 
pressure to afford crude mixture, which contains 3-(4-methyl-phenyl)-1-propanamine as 
colorless oil. 
To a solution of above obtained 3-(4-fluorophenyl)-1-propanamine in DMF (10 mL), methyl 
chloroformate (0.58 mL, 7.5 mmol, 1.5 equiv.) and triethylamine (0.98 mL, 7.5 mmol, 1.5 
equiv.) were added at 0 °C, and the reaction mixture was stirred at 0 ºC to room temperature 
for 2 hours. Then, water (15 mL) was added, and the whole was extracted with Et2O (100 mL 
x 2). The organic phase was washed with brine, dried over Na2SO4, and the solvent was 
evaporated under reduced pressure to give a residue, which was column-chromatographed on 
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silica gel (eluent: EtOAc - n-hexane (1 : 3)) to afford to compound 1u as colorless oil (354.8 
mg, 1.68 mmol, 19 % over 2 steps). 
 
1H-NMR (400 MHz, CDCl3) δ: 7.14-7.11 (m, 2H), 6.99-6.94 (m, 2H), 4.67 (brs, 1H), 3.67 (s, 
3H), 3.23-3.18 (q, J = 6.4 Hz, 2H), 2.62 (t, J = 8.0 Hz, 2H), 1.84-1.77 (m, 2H).13C-NMR (100 
MHz, CDCl3) δ (ppm): 161.3 (d, J = 242 Hz), 157.1, 137.0, 129.6 (d, J = 7 Hz), 115.2 (d, J = 
21 Hz), 52.0, 40.5, 32.2, 31.8. Anal. Calcd. for C11H14FNO2 : C, 62.55; H, 6.68; N, 6.63 . 
Found : C, 62.60; H, 6.69; N, 6.51.  
ESI-HRMS: Calcd. for C11H14FNNaO2+ ([M+Na]+): 234.0906. Found: 234.0949. 
 
Acid-catalyzed cyclization reaction of methyl 2-Aryl-ethyl/3-Aryl-propyl-carbamate 
A typical procedure: Synthesis of 3,4-dihydro-2H-isoquinolin-1-one (2a) 
 
 To phenethylcarbamic acid methyl ester (183.6 mg, 1.02 mmol), 
trifluoromethanesulfonic acid (4.56 mL, 50 equiv.) was slowly added at 0 °C. The whole was 
heated at 70°C for 6 hours with stirring, then the whole was poured into ice-water (50 mL), 
and extracted with dichloromethane (50 ml x 3). The organic phase was washed with brine, 
dried over Na2SO4, and the solvent was evaporated under reduced pressure to give a residue, 
which was column-chromatographed on silica-gel (eluent: EtOAc-Hexane (1 : 1)) to afford 
3,4-dihydro-2H-isoquinolin-1-one as colorless plates (136.8 mg, 0.930 mmol, 91 %). 
Mp: 56.0 – 58.0 (white powder, recrystallized from hexane and dichloromethane).  
1H-NMR (400 MHz, CDCl3) δ (ppm): 8.06 (d, J = 7.6 Hz, 1H), 7.45 (t, J = 7.6 Hz, 1H), 7.35 
(t, J = 7.6 Hz, 1H), 7.23 (d, J = 7.6 Hz, 1H), 3.57 (dt, J = 6.4, 2.8 Hz, 2H), 3.00 (t, J = 6.4 Hz, 
2H).  
13C-NMR (100 MHz, CDCl3) δ: 166.6, 138.9, 132.2, 128.9, 127.9, 127.2, 127.1, 40.2, 28.3.  
Anal. Calcd. for C9H9NO +1/4H2O: C, 71.27; H, 6.31; N, 9.23. Found: C, 71.13; H, 6.12; N, 
9.27.  
ESI-HRMS: Calcd. for C9H9NNaO+ ([M+Na]+): 170.0576. Found: 170.0570. 
 
Synthesis of 7-methyl-3,4-dihydro-2H-isoquinolin-1-one (2b) 
 
97% Yield (113 mg, 0.701 mmol, from 0.723 mmol of 1b) . Mp: 107-108.5 °C (colorless 
needles, recrystallized from hexane and dichloromethane).  
1H-NMR (400 MHz, CDCl3) δ (ppm): 7.87 (s, 1H), 7.26 (d, J = 2.2 Hz, 1H), 7.20 (brs, 1H), 
7.10 (d, J = 7.6 Hz, 1H) , 3.54 (dt, J = 6.7, 2.9 Hz, 2H), 2.93 (t, J = 6.6 Hz, 2H), 2.36 (s, 3H).  
13C-NMR (100 MHz, CDCl3) δ: 166.8, 136.7, 135.8, 132.8, 128.6, 128.2, 127.1, 40.1, 27.8, 
20.9.  
Anal. Calcd. for C10H11NO+1/4 H2O : C, 72.48 ; H, 7.00; N, 8.45. Found: C, 72.65; H, 7.00; 
N, 8.45. MS (ESI+): 184 ([M+Na]+) (M: C10H11NO). 
 
Synthesis of 6-Methyl-3,4-dihydro-2H-isoquinolin-1-one (2c-1) and 8-Methyl-3,4-
dihydro-2H-isoquinolin-1-one (2c-2) 
 Mixture of 2c-1 and 2c-2 (157 mg, 0.972 mmol, from 0.991 mmol of 1c) (2c-1 : 2c-2 
= 59 : 41, the ratio was determined by 1H NMR) was obtained after column chromatography 
(MeOH: CHCl3 = 1 : 20). The mixture was separated roughly (column chromatography with 
less polar solvent, MeOH: CHCl3 = 1 : 80) and pure products were obtained after 
recrystallization. 
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2c-1: 58% Yield. Mp.: 106.0 - 106.5 °C (colorless needles, recrystallized from n-hexane and 
diethylether). 1H-NMR (400 MHz, CDCl3) δ (ppm): 7.94 (d, J = 7.6 Hz, 1H), 7.57 (brs, 1H), 
7.14 (dd, J = 8.0, 0.8 Hz, 1H), 7.01 (s, 1H), 3.54 (dt, J = 6.4, 2.8 Hz, 2H), 2.92 (t, J = 6.8 Hz, 
2H), 2.36 (s, 3H). 13C-NMR (100 MHz, CDCl3) δ: 166.8, 142.4, 138.8, 127.7, 127.6, 126.2, 
39.9, 28.1, 21.4. ESI-HRMS: Calcd. for C10H11NNaO+ ([M+Na]+): 184.0738. Found: 
184.0737 
 
2c-2: 40% Yield. Mp. 98.0-98.5°C (colorless flakes, recrystallized from n-hexane and 
diethylether). 1H-NMR (400 MHz, CDCl3) δ (ppm): 7.28 (t, J = 7.6 Hz, 1H), 7.14 (d, J = 7.6 
Hz, 1H), 7.05 (d, 7.6 Hz, 1H), 6.97 (brs, 1H), 3.47 (dt, J = 6.8, 3.6 Hz, 2H), 2.94 (t, J = 6.4 
Hz, 2H), 2.72 (s, 3H). 13C-NMR (100 MHz, CDCl3) δ: 167.1, 140.8, 140.1, 130.8, 130.7, 
127.3, 125.0, 39.7, 29.9, 22.0. ESI-HRMS: Calcd. for C10H11NNaO+ ([M+Na]+): 184.0738. 
Found:184.0756. 
 
Synthesis of 7-chloro-3,4-dihydro-2H-isoquinolin-1-one (2d) 
 
96% Yield (152 mg, 0.837 mmol, from 0.871 mmol of 1d). Mp.: 152 - 154 °C (colorless 
needles, recrystallized from n-hexane and CHCl3). 
1H-NMR (400 MHz, CDCl3/TMS) δ (ppm): 8.05 (d, J = 2.0 Hz, 1H), 7.41 (dd, J = 8.0, 2.0 
Hz, 1H), 7.28 (br, 1H), 7.18 (d, J = 8.0 Hz, 1H), 3.61 - 3.57 (m, 2H), 2.98 (t, J = 6.8 Hz, 1H). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 165.5, 137.2, 133.1, 132.1, 130.5, 128.8, 127.9, 40.0, 
27.7. ESI-HRMS: Calcd. for C9H8ClNNaO+ ([M+Na]+): 204.0187. Found: 204.0192. 
 
Synthesis of 6-chloro-3,4-dihydro-2H-isoquinolin-1-one (2e-1) and 8-chloro-3,4-dihydro-
2H-isoquinolin-1-one (2e-2) 
 To 2-3-chlorophenylethylcarbamic acid methyl ester (254.4 mg, 1.19 mmol), 
trifluoromethanesulfonic acid (5.30 mL, 50 equiv.) was slowly added at 20 °C. The whole 
was stirred at 70 °C for 16 hours, then the whole was poured into ice-water (50 mL), and 
filtered to afford 2e-1 (65.2 mg, 0.359 mmol, 30% yield). The filtered water was extracted 
with CHCl3. The organic phase was washed with brine, dried over Na2SO4, and the solvent 
was evaporated under reduced pressure to give a residue, which was column-
chromatographed on silica gel (eluent: CHCl3 – MeOH (10 : 1)) to compound 2e-1 and 2e-2 
as white powders (ratio, 2e-1 : 2e-2 = 59 : 41). (146.5 mg, 0.807 mmol, 68% yield). 
 
2e-1: 70% Yield. Mp: 148.0 – 150.0°C. (colorless needles, recrystallized from water). 
1H-NMR (400 MHz, CDCl3) δ (ppm): 8.00 (d, J = 8.0 Hz, 1H), 7.28 (m, 2H), 6.04 (brs, 1H), 
3.58 (dt, J = 6.8, 2.4 Hz, 2H), 2.99 (t, J = 6.4 Hz, 2H). 13C-NMR (100 MHz, CDCl3) δ: 165.9, 
140.6, 138.5, 129.6, 127.5, 127.3, 126.9, 40.0, 28.0. HRMS: Calcd. for C9H8ClNNaO+ 
([M+Na]+): 204.0187. Found: 204.0189. 
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2e-2: 28% Yield. 1H-NMR (400 MHz, CDCl3) δ (ppm): 7.38 (d, J = 7.2 Hz, 1H), 7.31 (t, J = 
7.8 Hz, 1H), 7.13 (d, J = 7.8 Hz, 1H), 6.02 (brs, 1H), 3.49 (dt, J = 6.4, 3.6 Hz, 2H), 2.99 (t, J 
= 6.4 Hz, 2H).13C-NMR (100 MHz, CDCl3) δ:164.3, 142.1, 134.7, 131.7, 130.6, 126.5, 126.0, 
39.5, 30.1. 
A mixture of 2e-1 and 2e-2: Anal. Calcd. for C9H8ClNO : C, 59.52; H, 4.44; N, 7.71. Found: 
C, 59.78; H, 4.31; N, 7.64. MS (ESI+): 204 ([M+Na]+) (M: C9H8ClNO). 
  
Synthesis of 5-chloro-3,4-dihydro-2H-isoquinolin-1-one (2f) 
 
98% Yield (106 mg, 0.583 mmol, from 0.600 mmol of 1f). Mp: 166.0 – 167.0 (colorless 
plates, recrystallized from CH2Cl2-n-hexane) 
1H-NMR (400 MHz, CDCl3) δ (ppm): 8.00 (d, J = 7.6 Hz, 1H), 7.51 (d, J = 8.0 Hz, 1H), 7.29 
(m, 1H), 7.07 (brs, 1H), 3.59 (dt, J = 6.6, 2.8 Hz, 2H), 3.10 (t, J = 6.6 Hz, 2H). 
13C-NMR (100 MHz, CDCl3) δ: 165.6, 136.7, 132.7, 132.5, 130.8, 127.7, 126.6, 39.4, 25.4. 
Anal. Calcd. for C9H8ClNO: C, 59.52; H, 4.44; N, 7.71. Found: C, 59.23; H, 4.72; N, 7.53. 
MS (ESI+): 204 ([M+Na]+) (M: C9H8ClNO). 
 
Synthesis of 7-fluoro-3,4-dihydro-2H-isoquinolin-1-one (2g) 
 
91% Yield (145 mg, 0.877 mmol, from 0.962 mmol of 1g). Mp: 117.5-118.5 (colorless 
needles, recrystallized from CH2Cl2 and n-hexane) 
1H-NMR (400 MHz, CDCl3) δ (ppm): 7.76 (dd, J = 9.2, 2.8 Hz, 1H), 7.14-7.20 (m, 2H), 6.17 
(brs, 1H), 3.57 (dt, J = 6.8, 3.2 Hz, 2H), 2.98 (t, J = 6.0 Hz, 2H). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 165.7, 161.6 (d, J = 244 Hz), 134.4 (d, J = 3 Hz), 
130.7 (d, J = 7 Hz), 128.8 (d, J = 7 Hz), 118.9 (d, J = 22 Hz), 114.2 (d, J = 22 Hz), 39.9, 27.3. 
Anal. Calcd. for C9H8FNO: C, 65.45; H, 4.88; N, 8.48. Found: C, 65.24; H, 5.03; N, 8.37.  
MS (ESI+): 188 ([M+Na]+). 
 
6-Fluoro-3,4-dihydro-2H-isoquinolin-1-one (2h-1) and 8-Fluoro-3,4-dihydro-2H-
isoquinolin-1-one (2h-2)  
Mixture of 2h-1 and 2h-2 (199.6 mg, 1.21 mmol, from 1.25 mmol of 1h) (2c-1:2c-2 = 92 : 8, 
the ratio was determined by 1H NMR) was obtained after column chromatography (MeOH: 
CHCl3 = 1 : 10). The mixture was separated roughly (column chromatography with less polar 
solvent) and pure products were obtained after recrystallization. 
 
2h-1: 89% Yield. Mp.: 111.0 - 112.0 °C (colorless needles, recrystallized from n-hexane and 
diethylether). 1H-NMR (400MHz, CDCl3) δ (ppm): 8.08 (dd, J = 8.8, 5.6 Hz, 1H), 7.21 (brs, 
1H), 7.03 (dt, J = 8.8, 2.8 Hz, 1H), 6.92 (dd, J = 8.8, 2.8 Hz, 1H), 3.59 (dt, J = 6.4, 2.8 Hz, 
2H), 2.99 (t, J = 6.4 Hz, 2H).  
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13C-NMR (100MHz, CDCl3) δ (ppm): 166.1, 164.7 (d, J = 219 Hz), 141.7 (d, J = 9 Hz), 
130.7 (d, J = 10 Hz), 125.3, 114.2 (d, J = 19 Hz), 114.0 (d, J = 19 Hz), 40.0, 28.4 (d, J = 
1Hz). ESI-HRMS: Calcd. for C9H8FNNaO+ ([M+Na]+): 188.0488. Found:188.0490. 
 
2h-2: 8% Yield. Mp.:127.0-128.0 °C (colorless needles, recrystallized from n-
hexane/diethylether). 1H-NMR (400MHz, CDCl3) δ (ppm): 7.43 - 7.38 (m, 1H), 7.08 - 7.03 
(m, 2H), 6.79 (brs, 1H), 3.54 (dt, J = 6.8, 3.2 Hz, 2H), 3.00 (t, J = 6.4 Hz, 2H).  
13C-NMR (100MHz, CDCl3) δ (ppm): 163.6, 162.3 (d, J = 257 Hz), 141,8, 133.2 (d, J = 10 
Hz), 123.0 (d, J = 4 Hz), 117.3 (d, J = 7 Hz), 115.8 (d, J = 23 Hz), 39.8, 29.2 (d, J = 2Hz). 
ESI-HRMS: Calcd. for C9H8FNNaO+ ([M+Na]+): 188.0488. Found:188.0499. 
 
Synthesis of 5-Fluoro-3,4-dihydro-2H-isoquinolin-1-one (2i) 
 
85% Yield (158 mg, 0.959 mmol, from 1.13 mmol of 1i). Mp.:151.0 - 152.0°C (colorless 
needles, recrystallized from n-hexane and diethylether). 1H-NMR (400MHz, CDCl3) δ (ppm): 
7.88 (dd, J = 8.0, 0.8 Hz, 1H), 7.35 – 7.18 (m, 2H), 6.53 (s, 1H), 3.59 (dt, J = 6.4, 2.8 Hz, 
2H), 3.03 (t, J = 6.8 Hz, 2H). 13C-NMR (100MHz, CDCl3) δ (ppm): 165.3, 159.4 (d, J = 245 
Hz), 130.8 (d, J = 3 Hz), 127.8 (d, J = 7 Hz), 125.7, 123.6 (d, J = 3 Hz), 118.8 (d, J = 21 Hz), 
39.7, 20.9. ESI-HRMS: Calcd. for C9H8FNNaO+ ([M+Na]+): 188.0488. Found: 188.0498. 
 
Synthesis of 7-Hydroxy-3,4-dihydro-2H-isoquinolin-1-one (2j) 
 
82% Yield (138 mg, 0.701 mmol, from 1.03 mmol of 1u), 84% Yield (133 mg, 0.816 mmol, 
from 0.968 mmol of 1j). Mp. 204.0 - 206.0 °C (white powder, recrystallized from 
EtOAc/CHCl3). 1H-NMR (400 MHz,DMSO-d6) δ (ppm): 9.49 (s, 1H), 7.85 (s, 1H), 7.25 (d, J 
= 2.8 Hz, 1H), 7.09 (d, J = 8.4 Hz, 1H), 6.85 (dd, J = 7.6, 2.8 Hz, 1H), 3.32 (dt, J = 6.8, 2.8 
Hz, 2H) , 2.76 (t, J = 6.8 Hz, 2H).  
13C-NMR (100 MHz, CDCl3) δ (ppm): 165.1, 156.5, 130.8, 129.9, 128.9, 119.3, 113.7, 39.9, 
27.3. ESI-HRMS: Calcd. for C9H9NNaO2+ ([M+Na]+): 186.0531. Found:186.0542. 
 
Synthesis of 5-Fluoro-8-methyl-3,4-dihydro-2H-isoquinolin-1-one (2k) 
 
97% Yield (195 mg, 1.09 mmol, from 1.12 mmol of 1k). Mp.: 115.5 - 116.0 °C (white 
powder, recrystallized from n-hexane/diethylether). 1H-NMR (400MHz, CDCl3) δ (ppm): 
7.11 - 7.03 (m, 2H), 6.17 (brs, 1H), 3.48 (dt, J = 6.4, 3.2 Hz, 2H), 2.96 (t, J = 6.4 Hz, 2H), 
2.65 (3H, s).  
13C-NMR (100MHz, CDCl3) δ (ppm): 166.4 (d, J = 3 Hz), 157.1 (d, J = 241 Hz), 136.4 (d, J 
= 4 Hz), 131.1 (d, J = 7 Hz), 128.5 (d, J = 3 Hz), 126.7 (d, J = 8 Hz), 117.7 (d, J = 22 Hz), 
39.4, 22.0 (d, J = 4 Hz), 21.5.  
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ESI-HRMS: Calcd. for C10H10FNNaO+([M+Na]+): 202.0644. Found: 202.0655. 
 
Synthesis of 2-methyl-3,4-dihydro-2H-isoquinolin-1-one (2l) 
 
88% Yield (120 mg, 0.744 mmol, from 0.845 mmol of 1l). Colorless oil. 1H-NMR (400 MHz, 
CDCl3/TMS) δ (ppm): 8.10 (d, J = 7.6 Hz, 1H), 7.42 (dd, J = 7.6, 7.2 Hz, 1H), 7.37 (dd, J = 
7.6, 7.2 Hz, 1H), 7.19 (dd, J =7.2 Hz, 1H), 3.59 (t, J = 6.8 Hz, 2H), 3.18 (s, 3H), 3.03 (t, J = 
6.8 Hz, 2H). 13C-NMR (100 MHz, CDCl3) δ (ppm): 164.8, 137.9, 131.5, 129.4, 128.1, 127.0, 
126.9, 48.1, 35.2, 27.9. ESI-HRMS: Calcd. for C10H11NNaO+ ([M+Na]+): 184.0738. Found: 
184.0737. 
 
Synthesis of 4-methyl-3,4-dihydro-2H-isoquinolin-1-one (2m) 
 
88% Yield (138 mg, 0.855 mmol, from 0.977 mmol of 1m). Colorless oil. 1H-NMR (400 
MHz, CDCl3/TMS) δ (ppm): 8.08 (dd, J = 8.0, 1.6 Hz, 1H), 7.49 (dt, J = 7.6, 1.6 Hz, 1H), 
7.36 (dt, J = 7.6, 0.8 Hz, 1H), 7.26 (d, J = 7.6 Hz, 1H), 7.11 (1H, brs), 3.66 (dq, J = 8.4, 2.4 
Hz, 1H), 3.31 (dq, J = 8.0, 3.2 Hz, 1H), 3.12 (h, J = 6.8 Hz, 1H), 1.36 (d, J = 6.8 Hz, 1H). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 166.4, 143.9, 132.3, 128.1, 128.0, 126.9, 125.8, 46.4, 
32.3, 18.4. ESI-HRMS: Calcd. for C10H11NNaO+ ([M+Na]+): 184.0738. Found: 184.0737. 
 
Synthesis of 2,3,4,5-tetrahydro-benzo[c]azepin-1-one (2n) 
 
80% Yield (156.3 mg, 0.970 mmol, from 1.22 mmol of 1n). Mp. 94 - 95 °C (white powder, 
recrystallized from n-hexane and CHCl3). 1H-NMR (400 MHz, CDCl3/TMS) δ (ppm): 7.73 (d, 
J = 7.2 Hz, 1H), 7.43 (dd, J = 7.2, 7.2 Hz, 1H), 7.36 (dd, J = 7.6, 7.2 Hz, 1H), 7.21 (d, J = 7.6 
Hz, 1H), 6.69 (br, 1H), 3.15 (q, J = 6.4 Hz, 2H), 2.89 (t, J = 7.2 Hz, 2H), 2.08 - 2.01 (m, 2H). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 173.9, 138.3, 135.0, 131.3, 128.8, 128.6, 127.0, 39.6, 
30.5, 30.3. Anal. Calcd. for C10H11NO: C, 74.51; H, 6.88 N, 8.69. Found: C, 74.21; H, 6.99; 
N, 8.54. MS (ESI+): 184 ([M+Na]+) (M: C10H11NO) 
 
Synthesis of (7 or 8) -methyl-2,3,4,5-tetrahydro-benzo[c]azepin-1-one 
Mixture of 2o-1 and 2o-2 (128 mg, 0.73 mmol, from 1.41 mmol of 1o) (2o-1:2o-2 = 48:52, 
the ratio was determined by 1H NMR) was obtained after column chromatography (MeOH: 
CHCl3 = 1:10). The separation of 2o-1 and 2o-2 mixture was achieved via HPLC (PEGASIL 
Silica SP100, 20250 mm) eluting with n-hexane / iPrOH = 3.5 : 1 as eluant at a flow rate of 
5.0 mL/min using a loading of 10 mg / injection. 
  
 2o-1: 23% Yield. white powder. 1H-NMR (400 MHz, CDCl3) δ (ppm): 7.53 (1H, brd, J=0.8 
Hz), 7.21 (1H, d, d, J = 1.6, 7.6 Hz), 7.07 (1H, d, J = 7.6 Hz), 6.51 (1H, brs), 3.12 (2H, qartet), 
2.83 (2H, t, J = 7.2 Hz), 2.00 (2H, quintet, J=6.8 Hz). 
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13C-NMR (CDCl3) δ: 174.1, 136.7, 135.3, 134.7, 132.0, 129.3, 128.6, 39.7, 30.5, 29.8, 20.9. 
 
2o-2: 25% Yield. white powder. 1H-NMR (400 MHz, CDCl3) δ (ppm): 7.61 (1H, d, J = 7.6 
Hz), 7.15 (1H, brd, J = 8.0 Hz), 7.00 (1H, brs), 6.45 (1H, brs), 3.12 (2H, qartet, J=6.8 Hz), 
2.83 (1H, t, J = 6.8 Hz ), 2.37 (3H, s), 2.02 (2H, quintet, J=6.8 Hz). 
13C-NMR (CDCl3) δ: 174.1, 141.6, 138.4, 132.0, 129.4, 128.9, 127.7, 39.7, 30.5, 30.3, 21.4. 
Anal. Calcd for C11H14NO+1/9H2O: C, 74.12; H, 8.04; N, 7.86. Found: C, 74.38; H, 7.89; N, 
7.61.  
ESI-HRMS: Calcd for C11H14NO ([M+Na]+): 198.0889. Found: 198.0687 
 
Synthesis of 5,7-dichloro-3,4-dihydro-2H-isoquinolin-1-one (2p) 
 
40% Yield (87.0 mg, 0.403 mmol, from 1.00 mmol of 1p). Mp.: 195.0 – 195.5 °C (white 
powder, recrystallized from n-hexane/dichloromethane). 1H-NMR (400MHz, CDCl3) δ 
(ppm): 8.02 (d, J = 2.0 Hz, 1H), 7.54 (d, J = 2.4 Hz, 1H), 6.04 (brs, 1H), 3.59 (dt, J = 6.7, 2.9 
Hz, 2H), 2.93 (t, J =6.8 Hz, 2H). 
13C-NMR (100MHz, CDCl3) δ (ppm): 164.6, 135.2, 133.4, 133.3, 132.3, 131.8, 126.8, 39.2. 
25.0. ESI-HRMS: Calcd. for C9H7Cl2NNaO+ ([M+Na]+): 237.9797. Found:237.9796. 
 
Synthesis of 8-Fluoro-2,3,4,5-tetrahydro-benzo[c]azepin-1-one (2q) 
 
9% Yield (16.2 mg, 0.090 mmol, from 1.06 mmol of 1q). Mp. 166.0 - 167.0 °C (colorless 
needles, recrystallized from n-hexane and diethylether). 
1H-NMR (400 MHz, CDCl3) δ (ppm): 7.44 (dd, J = 8.8, 2.8 Hz, 1H), 7.20 - 7.11 (m, 2H), 
6.47 (brs, 1H), 3.16 (q, J = 6.4 Hz, 2H), 2.86 (t, J = 7.2 Hz, 2H), 2.03 (m, 2H). 13C-NMR 
(100 MHz, CDCl3) δ (ppm): 172.7 (d, J = 2 Hz), 162.2 (d, J = 245 Hz), 136.7 (d, J = 8 Hz), 
134.0, 130.3 (d, J = 8 Hz), 118.0 (d, J = 21 Hz), 115.7 (d, 21 Hz), 39.5, 30.3 (d, J = 1 Hz), 
29.5. ESI-HRMS: Calcd. for C10H10FNNaO+ ([M+Na]+): 202.0644. Found: 202.0645. 
 
Reaction of methyl 4-bromophenethylcarbamate in TfOH 
 
 To methyl 4-bromophenethylcarbamate (187 mg, 0.726 mmol), TfOH (3.23 ml, 50 
eq.) was slowly added at 20ºC. The whole was stirred at 70ºC for 24 hrs under argon 
atmosphere. Then, the reaction was quenched with ice water (30 ml) and extracted with 
dichloromethane (50 ml x 2). The organic phase was dried oversodium sulfate and the solvent 
was evaporated under reduced pressure to give crude oil. The oil was purified with column 
chromatography (eluent: ethyl acetate : dichloromethane = 1 : 1) to afford mixture of 5-
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bromo-3,4-dihydro-2H-isoquinolin-1-one, 6-bromo-3,4-dihydro-2H-isoquinolin-1-one, 7-
bromo-3,4-dihydro-2H-isoquinolin-1-one and 8-bromo-3,4-dihydro-2H-isoquinolin-1-one 
( 147 mg, 0.650 mmol, total 90% yield). The ratio was determined by 1H NMR. 
The structures were compared with authentic compounds synthesized by our new method 
using methyl salicylate leaving group, respectively. The spectrum datas of products are shown 
later. 
 
Reaction of methyl (2-([1,1'-biphenyl]-4-yl)ethyl)carbamate in TfOH  
 
 To methyl (2-([1,1'-biphenyl]-4-yl)ethyl)carbamate (154 mg, 0.603 mmol), TfOH 
(2.62 mL, 50 eq.) was slowly added at 0ºC. The whole was stirred at 70ºC for 49 hrs under 
argon atmosphere. Then, the reaction was quenched with ice water (30 mL) and extracted 
with chloroform. The organic phase was washed with brine, dried over Na2SO4, and the 
solvent was evaporated under reduced pressure to give a crude solid. The solid was purified 
with column chromatography (eluent: ethyl acetate : hexane = 3 : 1) to afford mixture of 6-
phenyl-3,4-dihydro-2H-isoquinolin-1-one, 7-phenyl-3,4-dihydro-2H-isoquinolin-1-one and 8-
phenyl-3,4-dihydro-2H-isoquinolin-1-one (total 132.9 mg, 0.595 mmol, 98% yield). The ratio 
was determined by 1H NMR. The separation of the mixture was achieved via HPLC 
(PEGASIL Silica SP100, 20250 mm) eluting with EtOAc / Ethanol = 9 : 1 as eluent at a 
flow rate of 5.0 mL / min using a loading of 10 mg / injection. 
 
6-phenyl-3,4-dihydroisoquinolin-1(2H)-one (2v-2) 
 
Mp. 207.5 - 209.0oC (colorless plates, recrystallized from CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3) δ (ppm): 8.13 (d, J =8.0 Hz, 1H), 7.62-7.56 (m, 3H), 7.47-7.37 
(m, 4H), 6.79 (brs, 1H), 3.61 (dt, J =6.4, 2.8 Hz, 2H), 3.05 (t, J =6.4 Hz, 2H). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 166.4, 145.0, 140.1, 139.3, 128.9, 128.6, 128.0, 127.7, 
127.2, 125.9, 125.8, 40.2, 28.5. 
ESI-HRMS: Calcd for C15H13NNaO+ [M+Na]+: 246.08894. Found: 246.08940. 
 
7-phenyl-3,4-dihydro-2H-isoquinolin-1-one: See page 105. 
 
8-phenyl-3,4-dihydroisoquinolin-1(2H)-one (2v-3) 
 
Mp. 182.0 - 183.5oC (colorless cubes, recrystallized from CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3) δ (ppm): 7.43-7.30 (m, 6H), 7.22 (d, J =8.0 Hz, 2H), 6.15 (brs, 
1H), 3.51 (dt, J =6.4, 3.6 Hz, 2H), 2.99 (t, J =6.4 Hz, 2H). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 165.4, 144.0, 142.4, 140.6, 130.8, 130.6, 128.4, 127.6, 
126.7, 126.5, 39.8, 30.2. 
ESI-HRMS: Calcd for C15H13NNaO+ [M+Na]+: 246.08894. Found: 246.08894. 
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Synthesis of phenethylcarbamates 33-49  
A typical procedure: Synthesis of phenyl phenethylcarbamate (34) 
 
 A mixture of phenethylisocyanate (445 mg, 2.98 mmol), phenol (330 mg, 3.50 mmol), 
sodium hydride (60% dispersion in mineral oil) (114 mg) and dry diethylether (10.0 mL) was 
stirred at room temperature for 21 hrs. The reaction mixture was quenched with water (10 
mL), extracted with diethylether (30 mL x 3), washed with brine and dried over Na2SO4. The 
organic phase was evaporated under reduced pressure to give crude oil. The crude mixture 
was purified with column chromatography (eluent: ethyl acetate : hexane = 1 : 4) to afford 
white solids (412 mg, 1.71 mmol, 57% yield). 
Mp. 91.5 - 92.0oC (colorless needles, recrystallized from CHCl3/hexane). 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 7.38-7.25 (m, 7H, rotamer A 
and B), 7.22 (dd, J = 7.6, 7.6 Hz, 1H, rotamer A and B), 7.13 (d, J = 7.6 Hz, 2H, rotamer A 
and B), 5.05 (brs, 0.9H, rotamer A), 4.74 (brs, 0.1H, rotamer B), 3.63 (brs, 0.2H, rotamer B), 
3.58 (dt, J = 6.8, 6.8 Hz, 1.8H, rotamer A), 2.93 (t, J = 6.8 Hz, 2H, rotamer A and B). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 154.1, 149.5, 138.4, 130.5, 129.3, 128.8, 128.7, 126.7, 
122.9, 42.3, 35.9. 
ESI-HRMS: Calcd. for C15H15NNaO2+ [M+Na]+: 264.09950. Found: 264.09935. 
Anal. Calcd. for C15H15NO2: C, 74.67; H, 6.27; N, 5.81. Found: C, 74.73; H, 6.33; N, 5.78.  
 
Synthesis of 2-Methoxyphenyl phenethylcarbamate (35) 
 
90% Yield. Mp. 74.0 - 75.0oC (colorless needles, recrystallized from EtOAc/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 7.33-7.21 (m, 5H, rotamer A 
and B), 7.16 (dd, J = 7.2, 7.2 Hz, 1H, rotamer A and B), 7.07 (d, J = 6.8 Hz, 1H, rotamer A 
and B), 6.95-6.89 (m, 2H, rotamer A and B), 5.14 (brs, 0.9H, rotamer A), 4.81 (brs, 0.1H, 
rotamer B), 3.82 (s, 3H, rotamer A and B), 3.50 (dt, J = 6.8, 6.8 Hz, 2H, rotamer A and B), 
2.87 (t, J = 6.8 Hz, 2H, rotamer A and B). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 154.4, 151.7, 140.0, 138.7, 128.8, 128.6, 126.58, 
126.50, 123.3, 120.7, 112.4, 55.9, 42.5, 35.9. 
ESI-HRMS: Calcd for C16H17NNaO3+ [M+Na]+: 294.11006. Found: 294.11069. 
Anal. Calcd. for C16H17NO3: C, 70.83; H, 6.32; N, 5.16. Found: C, 71.01; H, 6.42; N, 5.18.  
 
Synthesis of 4-methoxyphenyl phenethylcarbamate (36) 
 
86% yield. Mp. 91.0 - 92.0oC (colorless plates, recrystallized from CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 7.38-7.24 (m, 5H, rotamer A 
and B), 7.04 (d, J = 8.8 Hz, 2H, rotamer A and B), 6.88 (d, J = 6.8 Hz, 2H, rotamer A and B), 
5.02 (brs, 0.9H, rotamer A), 4.72 (brs, 0.1H, rotamer B), 3.81 (s, 3H, rotamer A and B), 3.62 
(d, J = 6.8 Hz, 0.2H, rotamer B), 3.55 (dt, J = 6.8, 6.8 Hz, 1.8H, rotamer A), 2.91 (t, J = 6.8 
Hz, 2H, rotamer A and B). 
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13C-NMR (100 MHz, CDCl3) δ (ppm): 156.9, 154.9, 144.5, 138.5, 128.8, 128.7, 126.6, 122.4, 
114.3, 55.6, 42.3, 35.9. 
ESI-HRMS: Calcd for C16H17NNaO3+ [M+Na]+: 294.11006. Found: 294.10903. 
Anal. Calcd. for C16H17NO3: C, 70.83; H, 6.32; N, 5.16. Found: C, 71.07; H, 6.43; N, 5.24.  
 
Synthesis of o-Tolyl phenethylcarbamate (37) 
 
62% Yield. Mp. 70.0 - 70.5oC (colorless needles, recrystallized from CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 7.35 - 7.08 (m, 8H, rotamer A 
and B), 5.07 (brs, 0.9H, rotamer A), 4.79 (brs, 0.1H, rotamer B), 3.62 (d, J = 6.4 Hz, 0.2H, 
rotamer B), 3.53 (dt, J = 6.8, 6.8 Hz, 1.8H, rotamer A), 2.88 (t, J = 6.8 Hz, 2H, rotamer A 
and B), 2.22 (s, 0.3H, rotamer B), 2.18 (s, 2.7H, rotamer A). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 154.4, 149.4, 138.6, 131.0, 130.6, 128.8, 128.7, 126.8, 
126.6, 125.6, 122.1, 42.4, 36.0, 16.0. 
ESI-HRMS: Calcd for C16H17NNaO2+ [M+Na]+: 278.11515. Found: 278.11467. 
Anal. Calcd. for C16H17NO2: C, 75.27; H, 6.71; N, 5.49. Found: C, 75.16; H, 6.61; N, 5.43.  
 
Synthesis of p-Tolyl phenethylcarbamate (38) 
 
66% Yield. Mp. 120.0 - 121.0oC (colorless needles, recrystallized from CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 7.36 (t, J = 7.2 Hz, 2H, 
rotamer A and B), 7.29-7.25 (m, 3H, rotamer A and B), 7.16 (d, J = 8.4 Hz, 2H, rotamer A 
and B), 7.00 (d, J = 8.4 Hz, 2H, rotamer A and B), 5.02 (brs, 0.9H, rotamer A), 4.74 (brs, 
0.1H, rotamer B), 3.62 (brs, 0.2H, rotamer B), 3.56 (q, J = 6.8 Hz, 1.8H, rotamer A), 2.91 (t, 
J = 6.8 Hz, rotamer A and B), 2.35 (s, 3H, rotamer A and B). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 154.7, 148.7, 138.6, 134.8, 129.8, 128.8, 128.7, 126.6, 
121.3, 42.3, 35.9, 20.8. 
ESI-HRMS: Calcd for C16H17NNaO2+ [M+Na]+: 278.11515. Found: 278.11388. 
Anal. Calcd. for C16H17NO2: C, 75.27; H, 6.71; N, 5.49. Found: C, 75.32; H, 6.72; N, 5.45.  
 
Synthesis of 2-Isopropylphenyl phenethylcarbamate (39) 
 
86% Yield. Mp. 72.5 - 73.5oC (colorless plates, recrystallized from EtOAc/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 8 : 2 ratio at 25ºC), δ (ppm): 7.39-7.20 (m, 8H, rotamer A 
and B), 7.08-7.06 (m, 1H, rotamer A and B), 5.14 (brs, 0.8H, rotamer A), 4.90 (brs, 0.2H, 
rotamer B), 3.65 (brs, 0.4H, rotamer B), 3.57 (dt, J = 6.8, 6.8 Hz, 1.6H, rotamer A), 3.12 (p, J 
= 6.8 Hz, 1H, rotamer A and B), 2.92 (t, J = 6.8 Hz, 2H, rotamer A and B), 1.25 (d, J = 6.8 
Hz, 6H, rotamer A and B). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 154.8, 148.2, 140.6, 138.6, 128.8, 128.7, 126.6 (2C), 
126.5, 125.9, 122.5, 42.4, 36.0, 27.2, 23.0. 
ESI-HRMS: Calcd for C18H21NNaO2+ [M+Na]+: 306.14645. Found: 306.14642. 
Anal. Calcd. for C18H21NO2: C, 76.29; H, 7.47; N, 4.94. Found: C, 76.36; H, 7.49; N, 4.93.  
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Synthesis of 2-fluorophenyl phenethylcarbamate (40) 
 
93% Yield. Mp. 66.0 - 67.0oC (colorless needles, recrystallized from EtOAc/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 7.33 (dd, J = 7.6, 7.6 Hz, 2H, 
rotamer A and B), 7.27 - 7.22 (m, 3H, rotamer A and B), 7.19 - 7.08 (m, 4H, rotamer A and 
B), 5.15 (brs, 0.9H, rotamer A), 4.82 (brs, 0.1H, rotamer B), 3.60 (d, J = 6.0 Hz, 0.2H, 
rotamer B), 3.53 (dt, J = 6.8, 6.8 Hz, 1.8H, rotamer A), 2.89 (t, J = 6.8 Hz, 2H, rotamer A 
and B). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 154.6 (d, J = 247 Hz), 153.6, 138.48, 138.43 (d, J = 
13 Hz), 128.8, 128.7, 126.7, 126.6 (d, J = 7Hz), 124.3 (d, J = 4 Hz), 124.1, 116.6 (d, J = 19 
Hz), 42.5, 35.8. 
ESI-HRMS: Calcd for C15H14FNNaO2+ [M+Na]+: 282.09008. Found: 282.08849. 
Anal. Calcd. for C15H14FNO2: C, 69.49; H, 5.44; N, 5.40. Found: C, 69.65; H, 5.52; N, 5.38.  
 
Synthesis of 4-fluorophenyl phenethylcarbamate (41) 
 
82% Yield. Mp. 105.0 - 106.0oC (colorless needles, recrystallized from CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 7.33 (dd, J = 7.6, 7.6 Hz, 2H, 
rotamer A and B), 7.27 - 7.20 (m, 3H, rotamer A and B), 7.07 - 6.99 (m, 4H, rotamer A and 
B), 5.07 (brs, 0.9H, rotamer A), 4.80 (brs, 0.1H, rotamer B), 3.57 (d, J = 6.0 Hz, 0.2H, 
rotamer B), 3.51 (dt, J = 6.8, 6.8 Hz, 1.8H, rotamer A), 2.87 (t, J = 6.8 Hz, 2H, rotamer A 
and B). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 160.0 (d, J = 242 Hz), 154.5, 146.8 (d, J = 3 Hz), 
138.4, 128.8, 128.7, 126.6, 123.0 (d, J = 9 Hz), 115.8 (d, J = 23 Hz), 42.3, 35.9. 
ESI-HRMS: Calcd for C15H14FNNaO2+ [M+Na]+: 282.09008. Found: 282.09076. 
Anal. Calcd. for C15H14FNO2: C, 69.49; H, 5.44; N, 5.40. Found: C, 69.40; H, 5.48; N, 5.39.  
 
Synthesis of 2-Chlorophenyl phenethylcarbamate (42) 
 
Quantitative yield. Mp. 59.8 - 60.0oC (colorless needles, recrystallized from CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 7.40 (dd, J = 8.0, 1.6 Hz, 1H, 
rotamer A and B), 7.33 (dd, J = 7.6 Hz, 2H, rotamer A and B), 7.27 - 7.13 (m, 6H, rotamer A 
and B), 5.19 (brs, 0.9H, rotamer A), 4.85 (brs, 0.1H, rotamer B), 3.63 (d, J = 6.4 Hz, 0.2H, 
rotamer B), 3.52 (dt, J = 6.8, 6.8 Hz, 1.8H, rotamer A), 2.95 (t, J = 6.4 Hz, 0.2H, rotamer B), 
2.89 (t, J = 6.8 Hz, 1.8H, rotamer A). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 153.5, 147.1, 138.5, 130.2, 128.9, 128.7, 127.6, 127.3, 
126.66, 126.64, 124.1, 42.5, 35.9. 
ESI-HRMS: Calcd for C15H14ClNNaO2+ [M+Na]+: 298.06053. Found: 298.06042. 
Anal. Calcd. for C15H14ClNO2: C, 65.34; H, 5.12; N, 5.08. Found: C, 65.45; H, 5.24; N, 5.11. 
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Synthesis of 4-Chlorophenyl phenethylcarbamate (43) 
 
79% Yield. Mp. 134.0 - 134.5oC (colorless needles, recrystallized from CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 7.38-7.24 (m, 7H, rotamer A 
and B), 7.08-7.06 (m, 2H, rotamer A and B), 5.06 (brs, 0.9H, rotamer A), 4.77 (brs, 0.1H, 
rotamer B), 3.62 (d, J = 5.6 Hz, 0.2H, rotamer B), 3.56 (dt, J = 6.4, 6.4 Hz, 1.8H, rotamer A), 
2.91 (t, J = 6.8 Hz, 2H, rotamer A and B). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 154.1, 149.5, 138.4, 130.5, 129.3, 128.8, 128.7, 126.7, 
122.9, 42.3, 35.9. 
ESI-HRMS: Calcd for C15H14ClNNaO2+ [M+Na]+: 298.06053. Found: 298.06150. 
Anal. Calcd. for C15H14ClNO2: C, 65.34; H, 5.12; N, 5.08. Found: C, 65.42; H, 5.18; N, 5.10. 
 
Synthesis of 2-bromophenyl phenethylcarbamate (44) 
 
78% Yield. Mp. 74.0 - 75.5oC (colorless needles, recrystallized from EtOAc/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 7.57 (dd, J = 8.0, 1.6 Hz, 1H, 
rotamer A and B), 7.35 - 7.22 (m, 3H, rotamer A and B), 7.18 (dd, J = 8.0, 1.6 Hz, 1H, 
rotamer A and B), 7.08 (ddd, J = 8.0, 8.0, 1.6 Hz, 1H, rotamer A and B), 5.18 (brs, 0.1H, 
rotamer A), 4.83 (brs, 0.9H, rotamer B), 3.65 (dt, J = 6.0 Hz, 0.2H, rotamer B), 3.54 (dt, J = 
6.0 Hz, 1.8H, rotamer A), 2.97 (t, J = 6.8 Hz, 0.2H, rotamer B), 2.90 (t, J = 6.8 Hz, 1.8H, 
rotamer A). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 153.5, 148.2, 138.5, 133.2, 128.9, 128.7, 128.3, 126.9, 
126.6, 124.2, 116.6, 42.5, 35.9. 
ESI-HRMS: Calcd for C15H14BrNNaO2+ [M+Na]+: 342.01001. Found: 342.00934. 
Anal. Calcd. for C15H14BrNO2: C, 56.27; H, 4.41; N, 4.37. Found: C, 56.24; H, 4.51; N, 4.30. 
 
Synthesis of 4-bromophenyl phenethylcarbamate (45) 
 
54% Yield. Mp. 141.5 - 142.0oC (colorless plates, recrystallized from CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 7.50-7.46 (m, 2H, rotamer A 
and B), 7.39-7.35 (m, 2H, rotamer A and B), 7.32-7.25 (m, 3H, rotamer A and B), 7.04-6.97 
(m, 2H, rotamer A and B), 5.11 (brs, 0.9H, rotamer A), 4.84 (brs, 0.1H, rotamer B), 3.63-3.53 
(m, 2H, rotamer A and B), 2.91 (t, J = 6.8 Hz, 2H, rotamer A and B). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 154.1, 150.0, 138.4, 132.2, 128.8, 128.7, 126.7, 123.3, 
118.2, 42.3, 35.8. 
ESI-HRMS: Calcd for C15H14BrNNaO2+ [M+Na]+: 342.01001. Found: 342.00732. 
Anal. Calcd. for C15H14BrNO2+1/5 H2O: C, 55.64; H, 4.48; N, 4.33. Found: C, 56.75; H, 4.39; 
N, 4.26. 
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Synthesis of methyl 4-((phenethylcarbamoyl)oxy)benzoate (47) 
 
84% Yield. Mp. 128.0-128.7oC (Colorless needles, recrystallized from CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 8.60 (d, J = 8.4 Hz, 2H, 
rotamer A and B), 7.36 (dd, J = 7.6 Hz, 2H, rotamer A and B), 7.30 - 7.24 (m, 3H, rotamer A 
and B), 7.20 (d, J = 8.4 Hz, 2H, rotamer A and B), 5.30 (t, J = 6.4 Hz, 0.9H, rotamer A), 4.99 
(brs, 0.1H, rotamer B), 3.92 (s, 3H, rotamer A and B), 3.61 (d, J = 6.4 Hz, 0.2H, rotamer B), 
3.55 (dt, J = 6.4, 6.4 Hz, 1.8H, rotamer A), 2.90 (t, J = 6.8 Hz, 2H, rotamer A and B). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 166.4, 154.8, 153.7, 138.4, 131.0, 128.8, 128.7, 126.9, 
126.6, 121.3, 52.1, 42.4, 35.8. 
ESI-HRMS: Calcd for C17H17NNaO4+ [M+Na]+: 322.10498. Found: 322.10467. 
Anal. Calcd. for C17H17NO4: C, 68.21; H, 5.71; N, 4.68. Found: C, 68.31; H, 5.79; N, 4.68.  
 
Synthesis of 2-nitrophenyl phenethylcarbamate (48) 
 
98% Yield. Mp. 60.0 - 65.0oC (colorless powder, recrystallized from EtOAc/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 8.04 (dd, J = 8.4, 1.6 Hz, 1H, 
rotamer A and B), 7.60 (ddd, J = 8.0, 8.0, 1.6 Hz, 1H, rotamer A and B), 7.36 - 7.22 (m, total 
7H, rotamer A and B), 5.23 (brs, 0.9H, rotamer A), 4.87 (brs, 0.1H, rotamer B), 3.64 (d, J = 
4.8 Hz, 0.2H, rotamer B), 3.54 (dt, J = 6.8, 6.8 Hz, 1.8H, rotamer A), 2.90 (t, J = 6.8 Hz, 2H, 
rotamer A and B). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 153.0, 144.3, 142.3, 138.4, 134.4, 128.8, 128.7, 126.6, 
126.0, 125.5, 125.4, 42.7, 35.9.  
ESI-HRMS: Calcd for C15H14N2NaO4+ [M+Na]+: 309.08458. Found: 309.08337. 
Anal. Calcd. for C15H14N2O4: C, 62.93; H, 4.93; N, 9.79. Found: C, 63.17; H, 4.99; N, 9.70.  
 
Synthesis of 4-nitrophenyl phenethylcarbamate (49) 
 
15% Yield. Mp. 107.0 - 108.0oC (colorless cotton like crystals, recrystallized from 
CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 8.25 (d, J = 9.2 Hz, 2H, 
rotamer A and B), 7.39 - 7.25 (m, total 7H, rotamer A and B), 5.16 (brs, 0.9H, rotamer A), 
4.85 (brs, 0.1H, rotamer B), 3.66 (d, J = 6.8 Hz, 0.2H, rotamer B), 3.60 (dt, J = 6.8, 6.8 Hz, 
1.8H, rotamer A), 2.94 (t, J = 6.8 Hz, 2H, rotamer A and B). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 155.8, 153.0, 144.7, 138.1, 128.79, 128.76, 126.7, 
125.0, 121.9, 42.3, 35.7. 
ESI-HRMS: Calcd for C15H14N2NaO4+ [M+Na]+: 309.08458. Found: 309.08450. 
Anal. Calcd. for C15H14N2O4: C, 62.93; H, 4.93; N, 9.79. Found: C, 62.95; H, 5.01; N, 9.73.  
 
 
 
O
O
H
N
OMe
O
H
N O
O
NO2
H
N O
O NO2
 86 
Synthesis of 2,2,2-trifluoroethyl phenethylcarbamate (authentic compound) (33) 
 
 The mixture of phenethylisocyanate (304 mg, 2.06 mmol) was dissolved in 2,2,2-
trifluoroethanol (1.0 mL) and stirred at room temperature. To the solution, sodium hydride 
(60% dispersion in mineral oil) (53 mg) was added and stirred at 20ºC for 5 min. The reaction 
mixture was quenched with water (10 mL), extracted with dirthylether (50 mL x 3), washed 
with brine and dried over Na2SO4. The organic phase was evaporated under reduced pressure 
to give crude oil. The crude mixture was purified with column chromatography (eluent: ethyl 
acetate : hexane = 1 : 8) to afford white solids (458 mg, 1.85 mmol, 90% yield). 
Mp. 32.3 - 32.8oC (colorless needles, recrystallized from hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 7.36-7.20 (m, 5H, rotamer A 
and B), 4.96 (brs, 0.9H, rotamer A), 4.72 (brs, 0.1H, rotamer B), 4.47 (q, J = 8.4 Hz, 2H, 
rotamer A and B), 3.51 (q, J = 6.4 Hz, 2H, rotamer A and B), 2.86 (t, J = 7.2 Hz, 2H, rotamer 
A and B). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 154.3, 138.2, 128.72, 128.71, 126.6, 123.0 (q, J = 276 
Hz), 60.8 (q, J = 36 Hz), 42.4, 35.8. 
ESI-HRMS: Calcd for C11H12F3NNaO2+ [M+Na]+: 270.07123. Found: 270.06943. 
Anal. Calcd. for C11H12F3NO2: C, 53.44; H, 4.89; N, 5.67. Found: C, 53.63; H, 4.82; N, 5.66.  
 
Synthesis of methyl 2-((phenethylcarbamoyl)oxy)benzoate (46a) 
 
  The mixture of phenethylamine (399 mg, 3.29 mmol, 1.05 eq), dimethyl 2,2'-
(carbonylbis(oxy))dibenzoate) (74) (1038 mg, 3.14 mmol) and dichloromethane (5.0 mL), 
was stirred at 20ºC for 2 days. The reaction mixture was evaporated under reduced pressure to 
give crude oil. The crude mixture was purified with column chromatography (eluent: ethyl 
acetate : hexane = 1 : 4 ~1 : 2) to afford white solids (900 mg, 3.01 mmol, 96% yield). 
 
Mp. 98.7 - 99.1oC (colorless needles, recrystallized from CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 7.99 (dd, J = 7.6, 1.2 Hz, 1H, 
rotamer A and B), 7.56 (ddd, J = 7.6, 7.6, 1.6 Hz, 1H, rotamer A and B), 7.38 - 7.26 (m, 6H, 
rotamer A and B), 7.17 (d, J = 8.0 Hz, 1H, rotamer A and B), 5.27 (s, 0.9H, rotamer A), 4.92 
(s, 0.1H, rotamer B), 3.87 (s, 3H, rotamer A and B), 3.69 (brs, 0.2H, rotamer B), 3.57 (dt, J = 
6.8, 6.8 Hz, 1.8H, rotamer A), 2.98 (brs, 0.2H, rotamer B), 2.94 (t, 1.8H, rotamer A). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 165.2, 154.3, 150.5, 138.6, 133.5, 131.4, 128.8, 128.6, 
126.5, 125.5, 124.0, 123.9, 52.0, 42.5, 35.9. 
ESI-HRMS: Calcd for C17H17NNaO4+ [M+Na]+: 322.10498. Found: 322.10267. 
Anal. Calcd. for C10H11NO2: C, 68.21; H, 5.72; N, 4.68. Found: C, 68.50; H, 5.68; N, 4.73.  
 
A typical procedure of the synthesis of compound 46 series: Synthesis of Methyl 2-
((methyl(phenethyl)carbamoyl)oxy)benzoate (46b) 
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 The mixture of N-methyl-2-phenylethanamine (338 mg, 2.50 mmol, 1.14 eq), 
dimethyl 2,2'-(carbonylbis(oxy))dibenzoate) (74) (721 mg, 2.18 mmol) and dichloromethane 
(3.2 mL), was stirred at 20ºC for 18 hrs. The reaction mixture was evaporated under reduced 
pressure to give crude oil. The crude mixture was purified with column chromatography 
(eluent: ethyl acetate : hexane = 1 : 4) to afford colorless oil (631 mg, 2.01 mmol, 92% yield). 
Colorless sticky oil. 
1H-NMR (400 MHz, CDCl3), two rotamers with respect to the amide bond were observed 
(approximately 1:1 ratio at 25ºC), δ (ppm, 25ºC): 7.99-7.95 (m, 1H), 7.53 (ddd, J = 8.0, 8.0, 
1.6 Hz, 0.5H), 7.50 (ddd, J = 8.0, 8.0, 1.6 Hz, 0.5H), 7.33-7.20 (m, 6H), 7.15 (d, J = 8.0 Hz, 
0.5H), 6.97 (d, J = 8.0 Hz, 0.5H), 3.85 (s, 3H), 3.71 (t, J = 7.2 Hz, 1H), 3.76 (t, J = 7.6 Hz, 
1H), 3.08 (s, 1.5H), 3.01 (t, J = 7.2 Hz, 1H), 2.97 (s, 1.5Hz), 2.94 (t, J = 7.6 Hz, 1H). 
The peaks of rotamers changed into broader and partially merged at 55ºC, δ (ppm, 40ºC): 
7.93 (dd, J = 7.6, 1.2 Hz, 1H), 7.48 (dd, J = 7.6, 7.6 Hz, 1H), 7.30-7.18 (m, 6H), 7.10-7.02 
(m, 1H), 3.83 (s, 3H), 3.67 (brs, 1H), 3.60 (brs, 1H), 2.98 (mixture of two broad singlets, 5H). 
13C-NMR (100 MHz, CDCl3), two rotamers with respect to the amide bond rotation were 
observed. A carbon at fifth position of the methyl salicylate (Sal-5), methyl carbon of methyl 
salicylate (Sal-Me) and benyzyl carbon (Bn) are common between the rotamers. δ (ppm, 
25ºC): 165.30, 165.21, 154.44, 154.33, 151.29, 151.21, 138.99, 138.94, 133.53, 133.48, 
131.50, 131.46, 128.95, 128.89, 128.57, 128.53, 126.42, 126.37, 125.38 (Sal-5, 2C), 124.21, 
124.12, 123.80, 123.75, 52.05 (Sal-Me, 2C), 51.55, 51.16, 35.26 (Bn, 2C), 34.54, 33.97. 
ESI-HRMS: Calcd for C18H19NNaO4+ [M+Na]+: 336.12063. Found: 336.12026. 
 
Synthesis of methyl 2-(((3,4-dimethoxyphenethyl)carbamoyl)oxy)benzoate (46c) 
 
91% Yield. Mp. 83.0 - 84.0oC (colorless powder, recrystallized from CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 7.97 (dd, J = 8.0, 1.6 Hz, 1H, 
rotamer A and B), 7.53 (ddd, J = 8.0, 7.6, 1.6 Hz, 1H, rotamer A and B), 7.28 (ddd, J = 8.0, 
7.6, 1.2, 1H, rotamer A and B), 6.85-6.79 (m, 3H, rotamer A and B), 5.20 (brs, 0.9H, rotamer 
A), 4.80 (brs, 0.1H, rotamer B), 3.89 (s, 3H, rotamer A and B), 3.87 (s, 3H, rotamer A and B), 
3.86 (s, 3H, rotamer A and B), 3.63 (brs, 0.2H, rotamer B), 3.52 (dt, J = 6.8, 6.4 Hz, 1.8H, 
rotamer A), 2.90 (brs, 0.2H, rotamer B), 2.86 (t, J = 6.8 Hz, 1.8H, rotamer A). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 165.3, 154.4, 150.7, 149.1, 147.8, 133.6, 131.5, 131.2, 
125.6, 124.1, 123.9, 120.8, 112.1, 111.4, 56.0, 55.9, 52.1, 42.8, 35.7. 
ESI-HRMS: Calcd for C19H21NNaO6+ [M+Na]+: 382.12611. Found: 382.12386. 
Anal. Calcd. for C19H21NO6: C, 63.50; H, 5.89; N, 3.90. Found: C, 63.36; H, 5.94; N, 3.92.  
 
Synthesis of methyl 2-(((2-(naphthalen-2-yl)ethyl)carbamoyl)oxy)benzoate (46d) 
 
 Quantitative yield. Mp. 61.0 - 63.0oC (colorless needle, recrystallized from CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 8 : 2 ratio at 25ºC), δ (ppm): 7.95 (dd, J = 8.0, 1.6 Hz, 1H, 
rotamer A and B), 7.82-7.81 (m, 3H, rotamer A and B), 7.72 (s, 1H, rotamer A and B), 7.51 
(ddd, J = 8.0, 7.6, 1.6, 1H, rotamer A and B), 7.48-7.43 (m, 2H, rotamer A and B), 7.39 (dd, J 
= 8.4, 1.6 Hz, 1H, rotamer A and B), 7.27 (ddd, J = 7.6, 7.6, 0.8 Hz, 1H, rotamer A and B), 
7.12 (dd, J = 8.0, 0.8 Hz, 1H, rotamer A and B), 5.23 (t, J = 6.4 Hz, 0.8H, rotamer A), 4.89 
(brs, 0.2H, rotamer B), 3.86 (s, 0.6H, rotamer B), 3.83 (s, 2.4H, rotamer A), 3.73 (d, J = 6.0 
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Hz, 0.4H, rotamer B), 3.63 (dt, J = 6.8, 6.4 HZ, 1.6H, rotamer A), 3.11 (brs, 0.4H, rotamer B), 
3.07 (t, J = 6.8 Hz, 1.6H, rotamer A). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 165.3, 154.4, 150.6, 136.1, 133.6, 133.5, 132.3, 131.4, 
128.3, 127.6, 127.5, 127.3, 127.2, 126.1, 125.6, 125.5, 124.1, 123.9, 52.1, 42.4, 36.1. 
ESI-HRMS: Calcd for C21H19NNaO4+ [M+Na]+: 372.12063. Found: 372.12151. 
 
Synthesis of methyl 2-(((2,4-dichlorophenethyl)carbamoyl)oxy)benzoate (46e) 
 
79% Yield. Mp. 106.8 - 108.0oC (colorless hexagonal crystal, recrystallized from 
CH2Cl2/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 7.96 (dd, J = 8.0, 1.2 Hz, 1H, 
rotamer A and B), 7.53 (ddd, J = 8.0, 8.0, 1.2 Hz, 1H, rotamer A and B), 7.39 (d, J = 2.0 Hz, 
1H, rotamer A and B), 7.30-7.26 (m, 2H, rotamer A and B), 7.21 (dd, J = 8.4, 2.0 Hz, 1H, 
rotamer A and B), 7.14 (d, J = 8.0 Hz, 1H, rotamer A and B), 5.26 (brs, 0.9H, rotamer A), 
4.91 (brs, 0.1H, rotamer B), 3.86 (s, 3H, rotamer A and B), 3.62 (brs, 0.2H, rotamer B), 3.52 
(q, J = 6.8, 6.8 Hz, 1.8H, rotamer A), 3.08 (brs, 0.3H, rotamer B), 3.02 (t, J = 6.8 Hz, 2.7H, 
rotamer A). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 165.2, 154.5, 150.6, 135.0, 134.8, 133.6, 133.1, 132.0, 
131.5, 129.4, 127.3, 125.7, 124.1, 123.9, 52.1, 40.8, 33.3. 
ESI-HRMS: Calcd for C17H15Cl2NNaO4+ [M+Na]+: 390.02703. Found: 390.02614. 
Anal. Calcd. for C10H11NO2: C, 55.45; H, 4.11; N, 3.80. Found: C, 55.37; H, 4.16; N, 3.85.  
 
Synthesis of 2-nitrophenyl 2,4-dichlorophenethylcarbamate (48b) 
 
88% Yield. Pale yellow oil.  
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 8.06 (dd, J =8.0, 1.2 Hz, 1H, 
rotamer A and B), 7.64 (ddd, J = 8.0, 8.0, 1.6 Hz, 1H, rotamer A and B), 7.41 (d, J = 1.6 Hz, 
1H, rotamer A and B), 7.37 (ddd, J = 8.0, 8.0, 0.8 Hz, 1H, rotamer A and B), 7.29 - 7.23 (m, 
total 3H, rotamer A and B), 5.24 (brs, 0.9H, rotamer A), 4.87 (brs, 0.1H, rotamer B), 3.62 (dt, 
J = 6.8, 6.8 Hz, 0.2H, rotamer B), 3.54 (dt, J = 6.8, 6.8 Hz, 1.8H, rotamer A), 3.08 (t, J = 6.8 
Hz, 0.2H, rotamer B), 3.01 (t, J = 6.8 Hz, 1.8H, rotamer A). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 153.1, 144.2, 142.2, 134.7, 134.6, 134.5, 133.2, 132.1, 
129.4, 127.3, 126.1, 125.6, 125.4, 40.8, 33.2. 
ESI-HRMS: Calcd for C15H12Cl2N2NaO4+ [M+Na]+: 377.00663. Found: 377.00485 
 
Synthesis of methyl 2-((methylcarbamoyl)oxy)benzoate (50) 
 The mixture of methylamine in methanol solution (40%) (0.47 mL), dimethyl 2,2'-
(carbonylbis(oxy))dibenzoate) (74) (1654 mg, 5.01 mmol) and dichloromethane (12 mL), was 
stirred at 20ºC for 4 hrs. To accomplish the reaction faster, methanol solution (40%) (0.10 
mL) was added and the reaction solution was stirred for 14 hrs. The reaction mixture was 
evaporated under reduced pressure to give crude oil. The crude mixture was purified with 
column chromatography (eluent: ethyl acetate : hexane = 1 : 4 ~1 : 3) to afford white solids 
(978 mg, 4.67 mmol, 93% yield). 
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Mp. 61.5 - 62.5oC (white powder, recrystallized from CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 7.96 (dd, J = 7.6, 1.6 Hz, 1H, 
rotamer A and B), 7.52 (dt, J = 7.6, 1.6 Hz, 1H, rotamer A and B), 7.27 (t, J = 8.0 Hz, 1H, 
rotamer A and B), 7.15 (d, J = 8.0 Hz, 1H, rotamer A and B), 5.24 (s, 0.9H, rotamer A), 5.02 
(s, 0.1H, rotamer B), 2.98 (d, J = 7.2 Hz, 0.2H, rotamer B), 2.94 (d, J = 7.2 Hz, 1.8H, rotamer 
A). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 165.3, 155.0, 150.7, 133.5, 131.4, 125.5, 124.1, 123.8, 
52.1, 27.8. 
ESI-HRMS: Calcd for C10H11NNaO4+ [M+Na]+: 232.05803. Found: 232.05774. 
Anal. Calcd. for C10H11NO4: C, 57.41; H, 5.30; N, 6.70. Found: C, 57.42; H, 5.30; N, 6.75.  
 
Synthesis of 2-((methylcarbamoyl)oxy)benzoic acid (neutral form of 53) 
 
 Benzyl 2-hydroxybenzoate was synthesized from salicylic acid according to the 
following literature: 
Fan, Ningjuan; Guo, Wei; Li, Junfei; Wu, Weiwei; Xia, Chizhong; Zhou, Peiwen (2005) 
Synthetic Communication 35 (1), 145-152. 
 A 200 mL 3-neck round bottom flask equipped with argon balloon and gas outlet 
connected to aqueous sodium bicarbonate solution was prepared. And it was charged with 
benzyl 2-hydroxybenzoate (3.78 g, 16.6 mmol), triethylamine (3.0 mL) and dry 
tetrahydrofuran (9.5 mL) and precooled to 0ºC under argon atmosphere. To the mixture, 
triphosgene (0.85 g, 2.86 mmol) dissolved in dichloromethane (10 mL) was dropped slowly at 
0ºC. The reaction mixture was stirred at room temperature (20ºC) for 2.5 hrs. The reaction 
was quenched with 1 M aqueous solution of hydrogen chloride (40 mL), extracted with 
dichloromethane (50 mL x 2), washed with brine, and dried over Na2SO4. The organic phase 
was evaporated under reduced pressure to give a residue. The residue was purified with 
column chromatography (eluent: ethyl acetate : hexane = 1 : 4) to afford dibenzyl 2,2'-
(carbonylbis(oxy))dibenzoate) as white solids (3.59 g, 7.45 mmol, 89% yield). 
 
Mp. 74.5-75.5oC (colorless needles, recrystallized from CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3) δ (ppm): 8.05 (dd, J =8.0, 1.6 Hz, 1H), 7.52 (ddd, J = 8.0, 7.2, 
2.0 Hz, 1H), 7.47-7.44 (m, 2H), 7.40-7.30 (m, 4H), 7.04 (dd, J = 8.0, 0.8 Hz, 1H), 5.38 (s, 
2H). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 164.2, 151.2, 150.6, 135.6, 134.0, 131.8, 128.5, 128.27, 
128.24, 126.4, 123.5, 122.9, 67.0. 
ESI-HRMS: Calcd. for C29H22NaO7+ [M+Na]+: 505.12577. Found: 505.12286. 
Anal. Calcd. for C29H22O7: C, 72.19; H, 4.60. Found: C, 72.16; H, 4.86.  
 
 The mixture of methylamine in methanol solution (40%) (0.20 mL), dibenzyl 2,2'-
(carbonylbis(oxy))dibenzoate) (963 mg, 1.99 mmol) and tetrahydrofuran (5.0 mL), was 
stirred at 20ºC for 25 hrs. The reaction mixture was evaporated under reduced pressure to 
give crude oil. The crude mixture was purified with column chromatography (eluent: ethyl 
acetate : hexane = 1 : 4 ~1 : 3) to afford benzyl 2-((methylcarbamoyl)oxy)benzoate as a 
colorless soild (528 mg, 1.85 mmol, 93% yield). 
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Mp. 80.0-80.5oC (colorless needles, recrystallized from CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 9 : 1 ratio at 25ºC), δ (ppm): 8.02 (dd, J = 7.6, 1.6 Hz, 1H, 
rotamer A and B), 7.53 (ddd, J = 8.0, 8.0 1.6 Hz, 1H, rotamer A and B), 7.44-7.32 (m, 5H, 
rotamer A and B), 7.28 (ddd, J = 7.6, 7.6, 0.8 Hz, 1H, rotamer A and B), 7.16 (dd, J = 8.0, 
0.8 Hz, 1H, rotamer A and B), 5.31 (s, 2H, rotamer A and B), 4.89 (brs, 0.9H, rotamer A), 
4.63 (brs, 0.1H, rotamer B), 2.76 (brs, 0.3H, rotamer B), 2.73 (d, J = 4.8 Hz, 2.7H, rotamer 
A). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 164.9, 154.9, 150.7, 135.8, 133.7, 131.7, 128.5, 128.4, 
128.3, 125.6, 124.3, 123.9, 66.9, 27.7. 
ESI-HRMS: Calcd. for C16H15NNaO4+ [M+Na]+: 308.08933. Found: 308.09014. 
Anal. Calcd. for C16H15NO4: C, 67.36; H, 5.30; N, 4.91. Found: C, 67.52; H, 5.44; N, 4.89.  
 The mixture of benzyl 2-((methylcarbamoyl)oxy)benzoate (263 mg, 0.923 mmol), 
palladium on activated carbon (5%) (50% wet) (15 mg) and methanol (3.0 mL) was stirred 
under H2 atmosphere (1atm). The mixture was stirred at 20ºC for 23 hrs. Then filtered with 
cellulite and evaporated to give a colorless soild. The solid was further purified with column 
chromatography (eluent: ethyl acetate : dichloromethane = 1 : 2 ~1 : 1) to afford a white solid 
(136 mg, 0.697 mmol, 76% yield). 
 
Mp. 132.5-133.0oC (decomp.) (colorless plates, recrystallized from EtOAc/hexane) 
1H-NMR (400 MHz, DMSO-d6), two rotamers (A and B) with respect to the amide bond were 
observed (approximately A : B = 8 : 2 ratio at 25ºC), δ (ppm): 12.9 (brs, 1H, rotamer A and 
B), 7.84 (dd, J = 8.0, 1.6 Hz, 1H, rotamer A and B), 7.60-7.55 (m, 2H, rotamer A and B), 
7.32 (ddd, J = 7.6, 7.6, 0.8 Hz, 1H, rotamer A and B), 7.15 (dd, J = 8.0, 0.4 Hz, 1H, rotamer 
A and B), 3.86 (d, J = 4.4 Hz, 0.6H, rotamer B), 2.65 (d, J = 4.8 Hz, 2.4H, rotamer A). 
13C-NMR (100 MHz, DMSO-d6) δ (ppm): 166.6, 155.1, 150.8, 133.6, 131.3, 125.8, 125.6, 
124.4, 27.5. 
ESI-HRMS: Calcd for C9H9NNaO4+ [M+Na]+: 218.04238. Found: 218.04139. 
Anal. Calcd. for C9H9NO4: C, 55.39; H, 4.65; N, 7.18. Found: C, 55.54; H, 4.72; N, 6.94.  
 
Synthesis of dimethyl 2,2'-(carbonylbis(oxy))dibenzoate (74) 
 
 A 200 mL 3-neck round bottom flask equipped with argon balloon and gas outlet 
connected to aqueous sodium bicarbonate solution was prepared. And it was charged with 
methyl salicylate (9.54 g, 62.1 mmol), triethylamine (16 mL) and dry tetrahydrofuran (30 
mL) and precooled to 0ºC under argon atmosphere. To the mixture, triphosgene (3.03 g, 10.2 
mmol) dissolved in dichloromethane (30 mL) was dropped slowly at 0ºC. The reaction 
mixture was stirred at room temperature (20ºC) for 2.5 hrs. The reaction was quenched with 
0.5 M aqueous solution of hydrogen chloride (40 mL), extracted with dichloromethane (50 
mL x 3), washed with brine, and dried over Na2SO4. The organic phase was evaporated under 
reduced pressure to give a white solid. The solid was recrystallized twice with chloroform and 
hexane to give colorless cubic crystal (8.21 g, 24.9 mmol, 82% yield). The mother liquid was 
evaporated under reduced pressure to give a residue. The residue was purified with column 
chromatography (eluent: CH2Cl2: hexane = 1 : 2 ~ 1 : 0) to afford white solids (1.00 g, 3.10 
mmol, 10% yield). 
Mp. 109.5-110.2oC (colorless plates, recrystallized from CHCl3/hexane) 
1H-NMR (400 MHz, CDCl3) δ (ppm): 8.03 (dd, J = 8.0, 1.6 Hz, 1H), 7.60 (ddd, J = 8.0, 7.6, 
1.6 Hz, 1H), 7.38 (dd, J = 8.0, 1.2 Hz, 1H), 7.35 (ddd, J = 8.0, 7.6, 1.2 Hz, 1H), 3.94 (s, 3H). 
13C-NMR (100 MHz, CDCl3) δ (ppm): 164.7, 151.3, 150.6, 133.9, 131.7, 126.5, 123.4, 123.0, 
52.3. 
ESI-HRMS: Calcd. for C17H14NaO7+ [M+Na]+: 353.06317. Found: 353.06318. 
O O
O
MeO O O OMe
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Anal. Calcd. for C17H14O7: C, 61.82; H, 4.27. Found: C, 61.64; H, 4.50.  
 
W 
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Kinetic Study  
U 
Kinetic Study: A Typical Procedure 
 Mixtures of TfOH and TFA in specified weight ratios were made. Each substrate 1 
(0.05 mmol) was dissolved in the mixed acid (0.7 mL) and transferred into a dried NMR tube 
filled with argon and heated at specified temperatures in HAAKE DC30 circulator bath. At 
regular intervals, a tube was cooled in iced water and the NMR spectrum was recorded. 
Magnetic field locking was not used, but maximized the shimming with using acetone-d6. 
The 1H-NMR spectra were obtained at 27 °C. The peak of TfOH was used as an internal 
standard of integration. The integration value of the benzyl protons of the substrate, as 
compared with that of TFSA, was obtained and concentrations are calculated (only for 1c, 
aromatic methyl group proton was used because benzyl proton peak of substrate duplicates 
with benzyl peak of product). The ratios (in logarithm) of disappearance of the starting 
substrate against the initial amount of the substrate were plotted against time to give first-
order kinetics (regression coefficient r > 0.99 in all cases). The rate constants were obtained 
on the basis of the first 5-10 data (before half-life of the substrates). For substrates that 
produce both cyclized product 2 and amine product 28, the ratio of 2 and 28 was determined 
by 1H-NMR at the half time of half-life (t1/2) of substrate. 
 
 
V 
Kinetic Study: A Typical Procedure (under heating conditions) 
 Each substrate was stored in dry flask filled with argon gas and 
trifluoromethanesulfonic acid (TfOH) (200 eq) was poured and stirred with magnetic stirrer at 
0ºC. The solution was transferred into a dried NMR tube stored in test tube filled with argon 
and heated at specified temperature in HAAKE DC30 circulator bath. At regular intervals, a 
tube was cooled in iced water and the NMR spectrum was recorded. Magnetic field locking 
was not used, but maximized the shimming with using CDCl3. The 1H-NMR spectra were 
obtained at 25ºC. The peak of TfOH was used as an internal standard of integration. The 
integration value of protons of the substrate, as compared with that of TfOH, was obtained 
and concentrations are calculated. The logarithms of the concentration of starting substrate 
ln[C] were plotted against time t to give first-order kinetics (regression coefficient r > 0.99 in 
all cases). The rate constants were obtained on the basis of the first 5-10 data. 
 
Kinetic Study: A Typical Procedure (under cooling conditions) 
 TfOH (200 eq) was precooled in dried flask under argon atmosphere. Substrate is 
mixed and stirred with magnetic stirrer at -15ºC (NaCl/H2O (ice)) under argon atmosphere. 
The solution was transferred into a dried NMR tube filled with argon. The NMR tube was put 
into NMR instrument precooled to specified temperature. At regular intervals, NMR spectrum 
was recorded. Magnetic field locking was not used, but maximized the shimming with using 
CDCl3. The peak of TfOH was used as an internal standard of integration. The integration 
value of protons of the substrate, as compared with that of TfOH, was obtained and 
concentrations are calculated. The logarithms of the concentration of starting substrate ln[C] 
were plotted against time t to give first-order kinetics (regression coefficient r > 0.99 in all 
cases). The rate constants were obtained on the basis of the first 5-10 data. 
 
Acidity-Rate Relationships: A Typical Procedure (under cooling conditions) 
 Mixtures of TfOH and TFA in specified weight ratios were made. The acid (200 eq) 
was precooled in a dried flask under argon atmosphere. Substrate is mixed and stirred with 
magnetic stirrer at -15ºC (NaCl/H2O(ice)) under argon atmosphere. The solution was 
transferred into a dried NMR tube filled with argon. The NMR tube was put into NMR 
instrument precooled to specified temperature. At regular intervals, NMR spectrum was 
recorded. Magnetic field locking was not used, but maximized the shimming with using 
CDCl3. The peak of acid was used as an internal standard of integration. The integration value 
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of protons of the substrate, as compared with that of acid, was obtained and concentrations 
are calculated. The logarithms of the concentration of starting substrate ln[C] were plotted 
against time t to give first-order kinetics (regression coefficient r > 0.99 in all cases). The rate 
constants were obtained on the basis of the first 5-10 data.  
 
Eyring Plot Analysis and Error Estimation  
 As described above, first-order reaction rate constants were obtained by plotting ln[C] 
vs reaction time t. For each condition (solvent/temperature), three kinetic runs were 
conducted and standard error was calculated. Activation enthalpy ∆H‡ and activation entropy 
∆S‡ were calculated using slope and intercept values obtained with least squares method. 
With StatPlus: Mac LE program, errors of activation parameters were calculated using single 
regression analysis method. Reciprocal of temperature 1/T were employed as predictor 
variable and logarithms of rate constants divided by temperature ln(k/T) were employed as 
dependent variable. Errors of activation enthalpy ∆H‡error and activation entropy ∆S‡error were 
calculated using standard errors in slope and intercept, and errors of free energy ∆G‡ were 
calculated using errors of activation enthalpy activation entropy, ∆G‡error = |∆H‡error| + 298.15 x 
|∆S‡error|. 
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VI. Thermodynamic Study 
Kinetic Data of Thermodynamic Study 
 
Reaction rates of substrate 46a at various acidities and temperatures 
!H0#=#9.7#
# # #
#!H0#=#10.8#
# #Degree#(K)#
#
105k#(s!1)# ln#(k/T)#
#
Degree#(K)#
#
105k#(s!1)# ln#(k/T)#
## 1st# 119.4# !12.3624#
#
## 1st# 115.5# !12.3957#
279.32# 2nd# 124.1# !12.3242#
#
279.32# 2nd# 102.8# !12.5124#
## 3rd# 116.9# !12.3836#
#
## 3rd# 109.8# !12.4470#
#
1st# 45.15# !13.3128#
# #
1st# 46.31# !13.2876#
273.11# 2nd# 48.26# !13.2462#
#
273.11# 2nd# 40.75# !13.4153#
#
3rd# 48.57# !13.2398#
# #
3rd# 41.71# !13.3922#
## 1st# 18.38# !14.1885#
#
## 1st# 19.43# !14.1331#
266.90# 2nd# 22.62# !13.9810#
#
266.90# 2nd# 17.59# !14.2326#
## 3rd# 21.94# !14.0115#
#
## 3rd# 16.20# !14.3146#
# # # # # # # # ##!H0=14.1#
# # #
#!H0=17.0#
# # #Degree#(K)#
#
105k#(s!1)# ln(k/T)#
#
Degree#(K)#
#
105k#(s!1)# ln#(k/T)#
## 1st# 24.40# !13.9941#
#
## 1st# 30.14# !13.8041#
291.73# 2nd# 26.44# !13.9138#
#
297.94# 2nd# 29.65# !13.8204#
## 3rd# 25.94# !13.9331#
#
## 3rd# 30.04# !13.8074#
#
1st# 8.083# !15.0776#
# #
1st# 8.358# !15.0655#
285.53# 2nd# 10.04# !14.8607#
#
291.73# 2nd# 8.307# !15.0717#
#
3rd# 9.418# !14.9246#
# #
3rd# 8.933# !14.9990#
## 1st# 2.879# !16.0878#
#
## 1st# 3.256# !15.9868#
279.32# 2nd# 2.745# !16.1355#
#
285.53# 2nd# 3.264# !15.9843#
## 3rd# 2.866# !16.0924#
#
## 3rd# 3.584# !15.8908#
 
Reaction rates of substrate 46b at various acidities and temperatures 
!H0#=#9.7#
# # #
#!H0=14.1#
# # #Degree#(K)#
#
105k#(s!1)# ln(k/T)#
#
Degree#(K)#
#
105k#(s!1)# ln(k/T)#
## 1st# 145.2# !12.2316#
#
## 1st# 69.74# !13.0058#
297.94# 2nd# 138.2# !12.2809#
#
310.36# 2nd# 71.34# !12.9832#
## 3rd# 136.8# !12.2915#
#
## 3rd# 73.75# !12.9499#
#
1st# 56.47# !13.1551#
# #
1st# 24.94# !14.0138#
291.73# 2nd# 54.80# !13.1851#
#
304.15# 2nd# 23.50# !14.0733#
#
3rd# 55.68# !13.1691#
# #
3rd# 22.69# !14.1086#
## 1st# 21.70# !14.0901#
#
## 1st# 8.731# !15.0429#
285.53# 2nd# 21.86# !14.0826#
#
297.94# 2nd# 8.603# !15.0577#
## 3rd# 22.62# !14.0485#
#
## 3rd# 9.865# !14.9209#
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Eyring Plots 
Eyring plots of the reactions of substrate 46a at various acidities  
(Error bars stand for standard errors) 
 
 
 
 
Eyring plot of the reactions of substrate 46b at various acidities  
(Error bars stand for standard errors) 
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VII. Computational Studies 
Intramolecular hydrogen bonding: We carried out computational studies by using the 
Gaussian 09 suites of programs.54 The geometries of the monocation and dication are 
optimized at B3LYP/6-311++G(d,p) levels.  
 
Monocation  
 
Zero-point correction (a.u.)  =    0.214602 (RB3LYP/6-311++G**) 
Electronic energy     (a.u.)  = -743.932021 (RB3LYP/6-311++G**) 
Number of imaginary frequency =    0 (RB3LYP/6-311++G**) 
 --------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.465408    2.111261   -0.272247 
      2          6           0       -0.504943    3.098625   -0.128287 
      3          6           0       -1.856161    2.772736    0.031442 
      4          6           0       -2.240269    1.446968    0.049827 
      5          6           0       -1.275831    0.424026   -0.085935 
      6          6           0        0.087218    0.777186   -0.251510 
      7          1           0        1.505742    2.378946   -0.391672 
      8          1           0       -0.200714    4.138564   -0.146102 
      9          1           0       -2.596803    3.554768    0.137338 
     10          1           0       -3.280784    1.175604    0.167424 
     11          8           0        0.997102   -0.245509   -0.444371 
     12          6           0       -1.693764   -0.956603   -0.045605 
     13          8           0       -2.934688   -1.225851    0.155532 
     14          8           0       -0.880795   -1.952637   -0.199952 
     15          1           0        0.035249   -1.594051   -0.342519 
     16          6           0       -3.395131   -2.620180    0.208512 
     17          1           0       -2.894067   -3.130910    1.028438 
     18          1           0       -4.462545   -2.540029    0.384944 
     19          1           0       -3.184338   -3.103495   -0.743432 
     20          6           0        2.302309   -0.167760    0.215893 
     21          7           0        3.139006   -0.981356   -0.433262 
     22          1           0        2.845662   -1.356884   -1.322633 
     23          8           0        2.460690    0.503556    1.188832 
     24          6           0        4.528475   -1.161902   -0.001677 
     25          1           0        4.590213   -0.976697    1.068818 
     26          1           0        4.832476   -2.187606   -0.207340 
     27          1           0        5.194530   -0.471342   -0.523236 
 --------------------------------------------------------------------- 
 
Dication  
structure 51 (Figure 9 (b)ı) 
 
Zero-point correction (a.u.)  =    0.226526 (RB3LYP/6-311++G**) 
Electronic energy     (a.u.)  = -744.142167 (RB3LYP/6-311++G**) 
Number of imaginary frequency =    0 (RB3LYP/6-311++G**) 
 --------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.321182   -2.245937   -0.316586 
      2          6           0        1.515642   -2.921245   -0.051767 
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      3          6           0        2.684493   -2.211201    0.215747 
      4          6           0        2.663278   -0.825067    0.204432 
      5          6           0        1.470983   -0.114222   -0.051455 
      6          6           0        0.301351   -0.867178   -0.288554 
      7          1           0       -0.575665   -2.802256   -0.560589 
      8          1           0        1.526969   -4.004713   -0.066485 
      9          1           0        3.607267   -2.735260    0.430534 
     10          1           0        3.577260   -0.294205    0.449926 
     11          8           0       -0.883589   -0.187989   -0.668421 
     12          6           0        1.514024    1.340734   -0.039930 
     13          8           0        0.466182    2.017948    0.226675 
     14          6           0        0.511239    3.508153    0.242881 
     15          1           0        0.822918    3.858080   -0.738789 
     16          1           0       -0.508244    3.796285    0.473714 
     17          1           0        1.203388    3.822472    1.020818 
     18          6           0       -2.011930   -0.326477   -0.012459 
     19          7           0       -3.102718    0.097773   -0.592128 
     20          1           0       -2.996218    0.439922   -1.542170 
     21          6           0       -4.454695    0.078356    0.008615 
     22          1           0       -4.457540    0.610540    0.961981 
     23          1           0       -5.125139    0.598005   -0.672112 
     24          1           0       -4.808784   -0.948009    0.125863 
     25          8           0       -1.954096   -0.850837    1.175632 
     26          1           0       -2.812723   -0.959571    1.618079 
     27          8           0        2.598869    2.015549   -0.265875 
     28          1           0        3.353209    1.481430   -0.565510 
 --------------------------------------------------------------------- 
structure 51(Figure 9 (b)ì) 
 
Number of imaginary frequency = 0 (RB3LYP/6-311++G**) 
Zero-point correction (a.u.)  =    0.226654 (RB3LYP/6-311++G**) 
Electronic energy     (a.u.)  = -744.141734 (RB3LYP/6-311++G**) 
Number of imaginary frequency =    0 (RB3LYP/6-311++G**) 
 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.462935    2.138832   -0.366417 
      2          6           0       -0.502588    3.127232   -0.144679 
      3          6           0       -1.825577    2.778018    0.115711 
      4          6           0       -2.196706    1.441748    0.141160 
      5          6           0       -1.249738    0.420554   -0.085811 
      6          6           0        0.084393    0.816870   -0.318282 
      7          1           0        1.487680    2.417235   -0.581137 
      8          1           0       -0.210017    4.169823   -0.186216 
      9          1           0       -2.569594    3.546240    0.285019 
     10          1           0       -3.227869    1.167048    0.320177 
     11          8           0        1.063155   -0.201385   -0.592558 
     12          6           0       -1.719287   -0.958736   -0.103202 
     13          8           0       -2.888231   -1.200195    0.331251 
     14          6           0       -3.484459   -2.562989    0.287296 
     15          1           0       -2.882813   -3.222018    0.909199 
     16          1           0       -4.478946   -2.419459    0.695435 
     17          1           0       -3.513024   -2.893976   -0.748637 
     18          6           0        2.201125   -0.267234    0.085836 
     19          7           0        3.208277   -0.869509   -0.480830 
     20          1           0        3.080566   -1.143735   -1.450798 
     21          6           0        4.514677   -1.148952    0.161323 
     22          1           0        4.364023   -1.610944    1.138756 
     23          1           0        5.047354   -1.856450   -0.470360 
     24          1           0        5.104454   -0.233433    0.239425 
     25          8           0        2.197879    0.236308    1.280139 
     26          1           0        3.055144    0.221669    1.739794 
     27          8           0       -1.029385   -1.968123   -0.549567 
     28          1           0       -0.170897   -1.700338   -0.916587 
 ------------------------------------------------------------------- 
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Energy profiles of reactions: We carried out computational studies by using the Gaussian 09 
suites of programs. The geometries of the reactants (S), transition states (TS), and products 
(P) for dissociation step (Figure 11 (a)) were fully optimized using the CPCM-B3LYP/6-
31+G(d) levels, and those of cyclization step (Figure 11 (b)) were fully optimized using the 
B3LYP/6-31+G(d) levels, respectively. Harmonic vibrational frequency computations 
characterized the optimized structures. Intrinsic reaction coordinate (IRC) computations of 
the transition structures verified the reactants, intermediates, and products on the potential 
energy surface (PES). Bulk solvation effects (self-consistent reaction field, SCRF) were 
simulated by the CPCM method in trifluoromethanesulfonic acid as a solvent (eps = 77.4,55 
rsolv = 2.5985274,55 density = 1.696,56 epsinf = 1.882384 (the value of acetic acid was 
employed)). Single point energies were calculated with CPCM-M06/cc-aug-pVTZ, /CPCM-
B3PW91/6-311++G (d, p) and CPCM-B3LYP/cc-aug-pVDZ on the basis of the optimized 
structures. The zero-point vibrational energy corrections were done without scaling. 
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Dissociation#Step#
# # # #
#
CPCM!B3LYP/6!31+G(d)# ## CPCM!B3PW91/6!311++G(d,p)#
#
Zero#Point#Energy##
(a.u.)#
Total#Energy#(a.u.)#
#(ZPE#corrected)#
7?C<IAK?0E?G@M
B><C#DFC 
Total#Energy#(a.u.)#
#(ZPE#corrected)#
7?C<IAK?0E?G@M
B><C#DFC 
S1# 0.253639# !1705.611970# 0.0# !1705.423866# 0.0#
S2# 0.254152# !1705.606103# 3.7# !1705.417293# 4.1#
S3# 0.253783# !1705.607813# 2.6# !1705.418993# 3.1#
TS1# 0.251314# !1705.584464# 17.3# !1705.396742# 17.0#
P1# 0.251105# !1705.584800# 17.0# !1705.397258# 16.7#
# # # # # #
# #
CPCM!B3LYP/cc!aug!pVDZ# CPCM!M06!2X/cc!aug!pVTZ#
# #
Total#Energy#(a.u.)#
#(ZPE#corrected)#
7?C<IAK?0E?G@M
B><C#DFC 
Total#Energy#(a.u.)#
#(ZPE#corrected)#
7?C<IAK?0E?G@M
B><C#DFC 
S1# ## !1705.758187# 0.0# !1705.648344# 0.0#
S2#
#
!1705.750894# 4.6# !1705.638865# 5.9#
S3#
#
!1705.752342# 3.7# !1705.647785# 0.4#
TS1#
#
!1705.730957# 17.1# !1705.613915# 21.6#
P1# ## !1705.731605# 16.7# !1705.616368# 20.1#
 
 
 
Cyclization#Step#
# # # #
#
B3LYP/6!31+G(d)#
#
## CPCM!B3PW91/6!311++G(d,p)#
#
Zero#Point#Energy##
(a.u.)#
Total#Energy#(a.u.)#
#(ZPE#corrected)#
7?C<IAK?0E?G@M
B><C#DFC 
Total#Energy#(a.u.)#
#(ZPE#corrected)#
7?C<IAK?0E?G@M
B><C#DFC 
S4# 0.212955# !1440.535125# 0.0# !1440.452135# 0.0#
TS2# 0.212864# !1440.526705# 5.3# !1440.442698# 5.9#
P2# 0.214056# !1440.533160# 1.2# !1440.454708# !1.6#
P3# 0.216712# !1440.593702# !36.8# !1440.510987# !36.9#
# # # # # #
# #
CPCM!B3LYP/cc!aug!pVDZ# CPCM!M06!2X/cc!aug!pVTZ#
# #
Total#Energy#(a.u.)#
#(ZPE#corrected)#
7?C<IAK?0E?G@M
B><C#DFC 
Total#Energy#(a.u.)#
#(ZPE#corrected)#
7?C<IAK?0E?G@M
B><C#DFC 
S4# ## !1440.720880# 0.0# !1440.629884# 0.0#
TS2# ## !1440.712084# 5.5# !1440.618056# 7.4#
P2# ## !1440.724285# !2.1# !1440.627762# 1.3#
P3# ## !1440.782213# !38.5# !1440.694237# !40.4#
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S1 
 
Zero-point correction (a.u.)  =     0.253639 (CPCM-RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1705.865609 (CPCM-RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1705.677505 (CPCM-RB3PW91/6-311++G**) 
Electronic energy     (a.u.)  = -1706.011826 (CPCM-RB3LYP/aug-cc-pVDZ) 
Number of imaginary frequency =     0 (CPCM-RB3LYP/6-31+G*) 
 --------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        1.109669    1.519634   -1.001936 
      2          6           0        1.657014    2.731235   -1.431990 
      3          6           0        3.002865    3.018091   -1.191603 
      4          6           0        3.803491    2.091340   -0.526938 
      5          6           0        3.282279    0.853413   -0.110945 
      6          6           0        1.925665    0.594480   -0.363720 
      7          1           0        0.055876    1.300377   -1.139126 
      8          1           0        1.023666    3.451926   -1.939989 
      9          1           0        3.428597    3.962126   -1.516476 
     10          1           0        4.849226    2.308149   -0.338999 
     11          8           0        1.271461   -0.554111    0.159188 
     12          6           0        4.189703   -0.138831    0.520634 
     13          8           0        5.115919    0.406620    1.284052 
     14          8           0        4.121450   -1.361257    0.334065 
     15          1           0        3.076999   -1.868108   -0.633050 
     16          6           0        6.105044   -0.478332    1.880429 
     17          1           0        6.646338   -1.006962    1.094115 
     18          1           0        6.767241    0.182126    2.436474 
     19          1           0        5.608280   -1.186241    2.545672 
     20          6           0        1.184081   -1.679836   -0.557849 
     21          7           0        0.013979   -2.251868   -0.618879 
     22          1           0       -0.777379   -1.729416   -0.237089 
     23          6           0       -0.238258   -3.569337   -1.211774 
     24          1           0        0.679468   -4.156495   -1.198761 
     25          1           0       -1.006052   -4.066463   -0.617701 
     26          1           0       -0.587469   -3.452315   -2.241173 
     27          8           0        2.225090   -2.202686   -1.116370 
     28         16           0       -3.018147    0.366622    0.378188 
     29          8           0       -2.459337   -0.981226    0.467265 
     30          8           0       -2.577460    1.327532   -0.615473 
     31          8           0       -2.942250    1.102454    1.808015 
     32          1           0       -2.854762    0.455080    2.540363 
     33          6           0       -4.887690    0.166986    0.189598 
     34          9           0       -5.124522   -0.473786   -0.954933 
     35          9           0       -5.363678   -0.543234    1.212318 
     36          9           0       -5.462877    1.367206    0.164562 
 --------------------------------------------------------------------- 
 
S2 
 
 101 
Zero-point correction (a.u.)  =     0.254152 (CPCM-RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1705.860255 (CPCM-RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1705.671445 (CPCM-RB3PW91/6-311++G**) 
Electronic energy     (a.u.)  = -1706.005046 (CPCM-RB3LYP/aug-cc-pVDZ) 
Number of imaginary frequency =     0 (CPCM-RB3LYP/6-31+G*) 
 --------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        2.971359    1.316408    1.593260 
      2          6           0        4.004859    0.795230    2.372491 
      3          6           0        4.512954   -0.489375    2.133895 
      4          6           0        3.981513   -1.258775    1.110680 
      5          6           0        2.937856   -0.751710    0.303905 
      6          6           0        2.442306    0.550351    0.560448 
      7          1           0        2.577356    2.306680    1.788000 
      8          1           0        4.411310    1.397391    3.179367 
      9          1           0        5.313273   -0.884557    2.750291 
     10          1           0        4.355835   -2.258081    0.921818 
     11          8           0        1.378244    0.999387   -0.200604 
     12          6           0        2.398888   -1.579659   -0.758236 
     13          8           0        2.949395   -2.721219   -0.984870 
     14          8           0        1.390114   -1.243932   -1.499820 
     15          1           0        1.056523   -0.348085   -1.228512 
     16          6           0        2.430797   -3.593908   -2.044408 
     17          1           0        2.512498   -3.077714   -3.000783 
     18          1           0        3.076531   -4.467067   -2.006004 
     19          1           0        1.396122   -3.851305   -1.818420 
     20          6           0        1.400786    2.328491   -0.729506 
     21          7           0        0.160999    2.686010   -1.061163 
     22          1           0       -0.610296    2.069448   -0.821097 
     23          6           0       -0.113754    3.973739   -1.694687 
     24          1           0        0.464695    4.077105   -2.617028 
     25          1           0       -1.177108    4.010696   -1.932842 
     26          1           0        0.134073    4.800750   -1.021951 
     27          8           0        2.435630    2.951312   -0.856200 
     28         16           0       -2.537573   -0.295727    0.232556 
     29          8           0       -2.315774    1.017790   -0.365358 
     30          8           0       -1.845921   -0.737919    1.428984 
     31          8           0       -2.354049   -1.460282   -0.866312 
     32          1           0       -2.461183   -1.114649   -1.778414 
     33          6           0       -4.391437   -0.431129    0.568660 
     34          9           0       -4.722061    0.492389    1.471675 
     35          9           0       -5.065270   -0.217737   -0.562056 
     36          9           0       -4.671926   -1.644665    1.040076 
 --------------------------------------------------------------------- 
 
S3 
 
Zero-point correction (a.u.)  =     0.253783 (CPCM-RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1705.861596 (CPCM-RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1705.672776 (CPCM-RB3PW91/6-311++G**) 
Electronic energy     (a.u.)  = -1706.006125 (CPCM-RB3LYP/aug-cc-pVDZ) 
Number of imaginary frequency =     0 (CPCM-RB3LYP/6-31+G*) 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.801112   -0.311934    2.523988 
      2          6           0       -0.034295   -1.453610    2.769645 
      3          6           0       -0.105922   -2.542979    1.898180 
      4          6           0       -0.943765   -2.495513    0.784320 
      5          6           0       -1.719954   -1.357666    0.507767 
      6          6           0       -1.613100   -0.276163    1.398957 
      7          1           0       -0.779452    0.541458    3.193786 
      8          1           0        0.609932   -1.487805    3.642722 
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      9          1           0        0.486688   -3.432706    2.086802 
     10          1           0       -1.003464   -3.343035    0.111421 
     11          8           0       -2.453323    0.855488    1.274587 
     12          6           0       -2.609478   -1.302030   -0.688857 
     13          8           0       -2.838106   -2.511805   -1.209819 
     14          8           0       -3.073299   -0.268211   -1.150475 
     15          6           0       -3.659517   -2.563219   -2.400852 
     16          1           0       -3.193268   -1.984804   -3.201247 
     17          1           0       -3.709181   -3.618618   -2.664227 
     18          1           0       -4.655315   -2.170613   -2.184552 
     19          6           0       -2.241955    1.799313    0.378251 
     20          7           0       -3.194866    2.681961    0.220552 
     21          1           0       -4.052408    2.518957    0.737057 
     22          6           0       -3.103357    3.837882   -0.680140 
     23          1           0       -3.090894    3.507016   -1.721608 
     24          1           0       -3.979716    4.459600   -0.503663 
     25          1           0       -2.199609    4.410463   -0.462944 
     26          8           0       -1.145368    1.950569   -0.299848 
     27          1           0       -0.410287    1.307626   -0.126310 
     28          8           0        1.145955    0.488209   -0.369788 
     29         16           0        2.512384    0.849349    0.002673 
     30          8           0        2.913451    1.060953    1.382975 
     31          6           0        3.608045   -0.504604   -0.731680 
     32          9           0        3.371631   -1.636021   -0.069955 
     33          9           0        4.885485   -0.154627   -0.589835 
     34          9           0        3.319843   -0.662170   -2.020706 
     35          8           0        2.908957    2.099433   -0.927757 
     36          1           0        3.630581    2.630561   -0.525887 
 --------------------------------------------------------------------- 
 
TS1 
 
Zero-point correction (a.u.)  =     0.251314 (CPCM-RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1705.835778 (CPCM-RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1705.648056 (CPCM-RB3PW91/6-311++G**) 
Electronic energy     (a.u.)  = -1705.982271 (CPCM-RB3LYP/aug-cc-pVDZ) 
Number of imaginary frequency =     1 (CPCM-RB3LYP/6-31+G*) 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        1.978475    0.981644    2.026294 
      2          6           0        2.954413    0.638406    2.960650 
      3          6           0        3.948110   -0.298722    2.645536 
      4          6           0        3.961403   -0.893538    1.388144 
      5          6           0        2.990225   -0.561555    0.426209 
      6          6           0        1.996154    0.384570    0.765444 
      7          1           0        1.201336    1.701157    2.265075 
      8          1           0        2.937471    1.103988    3.941793 
      9          1           0        4.703897   -0.561890    3.378758 
     10          1           0        4.722681   -1.622691    1.134398 
     11          8           0        1.017854    0.737409   -0.136501 
     12          6           0        2.970557   -1.179665   -0.915084 
     13          8           0        3.954322   -2.041846   -1.140209 
     14          8           0        2.104938   -0.917190   -1.763535 
     15          1           0        1.184680    0.187015   -0.962939 
     16          6           0        3.986802   -2.689713   -2.436881 
     17          1           0        4.098455   -1.941094   -3.223581 
     18          1           0        4.854634   -3.345910   -2.400029 
     19          1           0        3.071023   -3.264408   -2.588085 
     20          6           0        0.967716    2.844462   -0.757006 
     21          7           0       -0.296057    2.845418   -0.914978 
     22          1           0       -0.831620    2.008502   -0.647322 
     23          6           0       -1.026794    4.042062   -1.426172 
     24          1           0       -0.308800    4.807499   -1.716746 
 103 
     25          1           0       -1.611236    3.724803   -2.290040 
     26          1           0       -1.673602    4.407971   -0.628171 
     27          8           0        2.066735    3.201509   -0.726699 
     28         16           0       -2.416654   -0.531577    0.160463 
     29          8           0       -2.297601    0.843337   -0.325075 
     30          8           0       -1.791223   -0.983552    1.387747 
     31          8           0       -1.999075   -1.574663   -0.991164 
     32          1           0       -2.070474   -1.174550   -1.884610 
     33          6           0       -4.267937   -0.882313    0.301350 
     34          9           0       -4.774768   -0.072608    1.230582 
     35          9           0       -4.856919   -0.650792   -0.871444 
     36          9           0       -4.450750   -2.151816    0.657697 
 --------------------------------------------------------------------- 
 
P1 
 
 
Zero-point correction (a.u.)  =     0.251105 (CPCM-RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1705.835905 (CPCM-RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1705.648363 (CPCM-RB3PW91/6-311++G**) 
Electronic energy     (a.u.)  = -1705.982710 (CPCM-RB3LYP/aug-cc-pVDZ) 
Number of imaginary frequency =     0 (CPCM-RB3LYP/6-31+G*) 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        1.651128    0.598881    2.124382 
      2          6           0        2.510556    0.120718    3.110545 
      3          6           0        3.600176   -0.697639    2.777231 
      4          6           0        3.823176   -1.034231    1.447296 
      5          6           0        2.970328   -0.562852    0.430545 
      6          6           0        1.875723    0.261664    0.786033 
      7          1           0        0.801391    1.225338    2.378304 
      8          1           0        2.327814    0.385872    4.148137 
      9          1           0        4.264882   -1.067685    3.551519 
     10          1           0        4.660270   -1.667797    1.175784 
     11          8           0        1.011548    0.748594   -0.156342 
     12          6           0        3.182384   -0.909377   -0.988103 
     13          8           0        4.250916   -1.669434   -1.216686 
     14          8           0        2.431783   -0.528684   -1.897708 
     15          1           0        1.308833    0.380047   -1.035633 
     16          6           0        4.512690   -2.046577   -2.590517 
     17          1           0        4.677158   -1.154020   -3.197527 
     18          1           0        5.413735   -2.656275   -2.547415 
     19          1           0        3.673406   -2.622157   -2.986035 
     20          6           0        0.751900    3.180987   -0.444006 
     21          7           0       -0.493273    2.999880   -0.574639 
     22          1           0       -0.867484    2.044772   -0.446313 
     23          6           0       -1.444884    4.115268   -0.878682 
     24          1           0       -0.886139    5.039010   -1.019473 
     25          1           0       -1.976250    3.848235   -1.791839 
     26          1           0       -2.128002    4.204169   -0.034089 
     27          8           0        1.842388    3.533593   -0.352619 
     28         16           0       -2.328383   -0.628064    0.033216 
     29          8           0       -2.248650    0.773687   -0.379689 
     30          8           0       -1.721151   -1.119050    1.254182 
     31          8           0       -1.841400   -1.598005   -1.154132 
     32          1           0       -1.913987   -1.165458   -2.032144 
     33          6           0       -4.169681   -1.047064    0.101437 
     34          9           0       -4.728509   -0.312602    1.062689 
     35          9           0       -4.734003   -0.762816   -1.071771 
     36          9           0       -4.318940   -2.341076    0.375163 
 --------------------------------------------------------------------- 
 
 104 
S4 
 
Zero-point correction (a.u.)  =     0.212955 (RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1440.748080 (RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1440.665090 (CPCM-RB3PW91/6-311++G**) 
Electronic energy     (a.u.)  = -1440.933835 (CPCM-RB3LYP/aug-cc-pVDZ) 
Number of imaginary frequency =     0 (RB3LYP/6-31+G*) 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        4.995900   -0.879076   -1.269951 
      2          6           0        4.322027    0.332118   -1.174212 
      3          6           0        3.820847    0.779160    0.073192 
      4          6           0        4.094048    0.002109    1.233239 
      5          6           0        4.774325   -1.207699    1.131266 
      6          6           0        5.211740   -1.654566   -0.120776 
      7          1           0        5.357762   -1.224763   -2.233581 
      8          1           0        4.159393    0.938652   -2.061661 
      9          1           0        3.774150    0.360599    2.209260 
     10          1           0        4.967364   -1.799462    2.020900 
     11          1           0        5.736440   -2.602276   -0.201893 
     12          6           0        3.124348    2.118743    0.187770 
     13          1           0        3.694878    2.811281    0.817249 
     14          1           0        3.038685    2.574488   -0.803542 
     15          6           0        1.727889    1.938091    0.799109 
     16          1           0        1.059714    2.763473    0.546159 
     17          1           0        1.759079    1.843047    1.889163 
     18          6           0        1.787604   -0.353337   -0.087713 
     19          8           0        1.847828   -1.458684   -0.446428 
     20          7           0        1.121832    0.703237    0.248807 
     21          8           0       -1.679269    0.380455    0.326155 
     22          1           0        0.089163    0.603045    0.234691 
     23         16           0       -2.897658    0.379644   -0.486362 
     24          8           0       -2.884703    0.057450   -1.900416 
     25          6           0       -4.126492   -0.763285    0.389633 
     26          9           0       -5.321403   -0.586506   -0.171178 
     27          9           0       -4.174010   -0.461538    1.680423 
     28          9           0       -3.715812   -2.014625    0.219519 
     29          8           0       -3.584665    1.819458   -0.224258 
     30          1           0       -4.212837    2.035974   -0.945241 
 --------------------------------------------------------------------- 
 
 
TS2 
 
Zero-point correction (a.u.)  =     0.212864 (RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1440.739569 (RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1440.655562 (CPCM-RB3PW91/6-311++G**) 
Electronic energy     (a.u.)  = -1440.924948 (CPCM-RB3LYP/aug-cc-pVDZ) 
Number of imaginary frequency =     1 (RB3LYP/6-31+G*) 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        4.377376   -1.435361   -0.940801 
      2          6           0        3.713329   -0.184333   -1.047435 
 105 
      3          6           0        3.936763    0.827949   -0.075614 
      4          6           0        4.761405    0.546192    1.024614 
      5          6           0        5.389118   -0.692351    1.125173 
      6          6           0        5.198249   -1.687427    0.141756 
      7          1           0        4.229857   -2.186384   -1.711026 
      8          1           0        3.270051    0.088432   -2.004833 
      9          1           0        4.928285    1.304498    1.785084 
     10          1           0        6.040275   -0.895164    1.971046 
     11          1           0        5.710439   -2.640398    0.232859 
     12          6           0        3.176149    2.113042   -0.213309 
     13          1           0        3.666395    2.932491    0.321340 
     14          1           0        3.091687    2.401055   -1.266437 
     15          6           0        1.771755    1.933850    0.386114 
     16          1           0        1.113478    2.754464    0.093506 
     17          1           0        1.817467    1.896087    1.479660 
     18          6           0        1.637911   -0.479666   -0.332536 
     19          8           0        1.381585   -1.614361   -0.463287 
     20          7           0        1.122495    0.693096   -0.083846 
     21          8           0       -1.687871    0.626720    0.306098 
     22          1           0        0.090671    0.660060    0.002109 
     23         16           0       -3.013186    0.597356   -0.314208 
     24          8           0       -3.197054    0.624428   -1.752889 
     25          6           0       -3.897475   -0.924200    0.380389 
     26          9           0       -5.183785   -0.849877    0.044713 
     27          9           0       -3.766682   -0.952758    1.700621 
     28          9           0       -3.339472   -2.001934   -0.162692 
     29          8           0       -3.844627    1.782179    0.402112 
     30          1           0       -4.599393    2.058720   -0.159202 
 --------------------------------------------------------------------- 
 
P2 
 
Zero-point correction (a.u.)  =     0.214056 (RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1440.747216 (RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1440.668764 (CPCM-RB3PW91/6-311++G**) 
Electronic energy     (a.u.)  = -1440.938341 (CPCM-RB3LYP/aug-cc-pVDZ) 
Number of imaginary frequency =     0 (RB3LYP/6-31+G*) 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        3.966348   -1.650938   -0.486684 
      2          6           0        3.331178   -0.352429   -0.749782 
      3          6           0        3.919836    0.830115   -0.103839 
      4          6           0        5.031742    0.691517    0.709562 
      5          6           0        5.616021   -0.572024    0.887473 
      6          6           0        5.089326   -1.743194    0.292381 
      7          1           0        3.503451   -2.529861   -0.926282 
      8          1           0        3.306150   -0.197197   -1.845388 
      9          1           0        5.459372    1.557690    1.206243 
     10          1           0        6.496645   -0.656075    1.520300 
     11          1           0        5.565347   -2.701589    0.473291 
     12          6           0        3.166296    2.104206   -0.280552 
     13          1           0        3.677329    2.950006    0.186854 
     14          1           0        3.033448    2.327471   -1.346884 
     15          6           0        1.775113    1.913621    0.366539 
     16          1           0        1.132074    2.755261    0.096770 
     17          1           0        1.866606    1.895660    1.459686 
     18          6           0        1.709103   -0.444962   -0.532943 
     19          8           0        1.162172   -1.479500   -0.837652 
     20          7           0        1.131250    0.689670   -0.104347 
     21          8           0       -1.765940    0.919781    0.306314 
     22          1           0        0.112686    0.639465   -0.014481 
     23         16           0       -3.103611    0.700080   -0.232706 
     24          8           0       -3.409686    0.814538   -1.647068 
     25          6           0       -3.662908   -1.006478    0.355765 
     26          9           0       -4.963143   -1.140355    0.094074 
     27          9           0       -3.446223   -1.123432    1.662288 
 106 
     28          9           0       -2.964634   -1.923965   -0.307647 
     29          8           0       -4.086236    1.640871    0.643246 
     30          1           0       -4.902901    1.837842    0.138964 
 --------------------------------------------------------------------- 
 
P3 
 
 
Zero-point correction (a.u.)  =     0.216712 (RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1440.810414 (RB3LYP/6-31+G*) 
Electronic energy     (a.u.)  = -1440.727699 (CPCM-RB3PW91/6-311++G**) 
Electronic energy     (a.u.)  = -1440.998925 (CPCM-RB3LYP/aug-cc-pVDZ) 
Number of imaginary frequency =     0 (RB3LYP/6-31+G*) 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -3.611436   -1.705519   -0.056452 
      2          6           0       -3.050898   -0.416204    0.024058 
      3          6           0       -3.866031    0.739312   -0.030371 
      4          6           0       -5.242843    0.573937   -0.170326 
      5          6           0       -5.798818   -0.706676   -0.260235 
      6          6           0       -4.986658   -1.845853   -0.203058 
      7          1           0       -2.968292   -2.577768   -0.013327 
      8          1           0       -5.887719    1.447751   -0.208925 
      9          1           0       -6.873469   -0.815663   -0.376063 
     10          1           0       -5.426741   -2.835492   -0.274046 
     11          6           0       -3.221973    2.097872    0.133346 
     12          1           0       -3.821958    2.874182   -0.351409 
     13          1           0       -3.173463    2.353982    1.201786 
     14          6           0       -1.817376    2.109512   -0.462510 
     15          1           0       -1.260821    3.000043   -0.164278 
     16          1           0       -1.848822    2.071458   -1.558590 
     17          6           0       -1.615854   -0.246285    0.181088 
     18          7           0       -1.052151    0.936047    0.017127 
     19          8           0        1.974177    1.326643    0.243151 
     20          1           0       -0.042337    1.047073    0.118568 
     21         16           0        2.659843    0.084056    0.567406 
     22          8           0        1.878075   -1.150008    0.722419 
     23          6           0        3.995965   -0.240345   -0.737755 
     24          9           0        4.748131   -1.251619   -0.311587 
     25          9           0        4.725015    0.851629   -0.892606 
     26          9           0        3.380480   -0.561793   -1.869214 
     27          8           0        3.551173    0.351634    1.874855 
     28          1           0        3.783002   -0.484205    2.333719 
     29          8           0       -0.918320   -1.314340    0.496701 
     30          1           0        0.060242   -1.192473    0.551122 
 --------------------------------------------------------------------- 
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